Wig EN wey FI 
VE : 


Fo. a 
Natsu” 








CCEL anes (witout plates 1) sro the al Tne cry aS the Geologecal Surve; : 
¢ wondduorn ee SPO es ad Xe Lage Survey ixjeched, 

: J (i other 
G Newel (64. 


L fron 


‘ 
: , 
‘ 
| 
~ 
’ 
Che o4 
Sety. Yt 
1 RSE oe 
e yas 
A 


wet es oy Te Sk Bt RE reagent he cE ~ 
Sg gg Bea 


wnt tg Beso, 
. © 7 at 


SCIENTIFIC MISSION 


INDIA AND HIGH ASIA. 


VOLUME I. 


RES ULTS 
OF 4 SCIENTIFIC MISSION ‘TO 


INDIA AND HIGH ASTA, 


UNDERTAKEN BETWEEN THE YEARS MDCCCLIV. AND MDCCCLYVITL, 


BY ORDER OF THE COURT OF DIRECTORS OF THE HONOURABLE FAST INDIA COMPANY, 


BY 


HERMANN, ADOLPHE, AND ROBERT DE SCHLAGINTWEIT. 


WITH AN ATLAS OF PANORAMAS, VIEWS, AND MAPS. 


VOLUME If. 


LEIPZIG: LONDON: 
RoM BROCKHALUS. TRUBNER & CO. 


MDCCCLXE. 


ASTRONOMICAL DETERMINATIONS 


or 


LATITUDES AND LONGITUDES 


AND 
MAGNETIC OBSERVATIONS 
DURING A SCIENTIFIC MISSION TO INDIA AND HIGH ASIA, 
BY 


HERMANN, ADOLPHE, AND ROBERT DE SCHLAGINTWEIT. 


PRECEDED BY 


GENERAL INTRODUCTORY REPORTS. 


WITH THREE PLATES 





LEIPZIG: LONDON: 
FE A BROCKHAUS. TRUBNER & CO. 


MDCCCLXI. 


THE ROYAL SOCIETY, 


WHICH BY ITS UNTIRING ENDEAVOURS FOR THE 
ADVANCEMENT OF PILYSITCAL SCLENCE IN GENERAL, 


AND MORI ESPECIALLY BY THE LABOURS OF MANY OF ITS 
DISTINGUISHED MEMBERS, 


HAS SO ESSENTIALLY AND ENERGETICALLY PROMOTED 
THE SCIENCE OF MAGNETISM. 


TIS VOLUME 
IS MOST RESPECTFULLY DEDICATED 


BY 


THE AUTHORS. 


CONTENTS. 


“PART L 
GENERAL INTRODUCTORY REPORTS. ‘ads 
I. Appress ro Sm Crartes Woop, Bant., Secretary oF Stave Fon INDIA.......-.-.-- 20st eee 5 
Historical account.—Materials collected: A. Manuscripts; B. Collections.—Dedication. 
Il. IviNERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT .......--.- +2. sere eset ere tt eee ll 
Re ROUGE. cee cccclae b detaniecuato nS haang hdd iad wos Mh ag eC ad, LRT EO SE A De detente me Hea Ea 11 
I. Europe to Bombay, vid Egypt............. 0000 c eee eect tne eee 12 
Il. Bombay to Madras ........0 00 o cee tee teen ee 12 
If. Calcutta to Nainital, and Calcutta to Darjiling ............-.--..- 2-0 sees 14 
IV. Himalaya and Central Tibet 2.0.0.2... 0.6 e ete tee eens 16 
V. Bengal, territories of the north-east frontier, and Hindostap ............-..--. 19 
VI. Central and Southern India... 06... cee eee eee 21 
- VI. Western: Tibet... cos. vi ceneaye ak 9 ebb Rel ond Deni eran se eater De Rae eed 23 
VUL. Chains of the Karakorim and Kuenlien...............-.. 00 cece cece tees 25 
IX. Tibet and Himalaya... 0.0.0... ccc cece ce eee teen e teen ene n ee enee 26 
X. P&njib to Calcutta, with a visit to Central Nepal..............--.. 0-0 eee 28 
XI. Panjab to Bombay, and visit to Ceylon.............2.2 5-0 eee ee eee eee 30 
XII. Return to Europe, via Egypt. .........00. 000.0 eee ees 32 
XIU. Adolphe’s last journeys 2.0.2.6... ieee en eee eens 32 
XIV. Last journeys of Adolphe’s establishment .............-.0 05-000 eee eee eee 33 
B. Establishment: 1. Observers.......0.0.0 06.020 eee eee 36 
2, terprobene isa os 1h G.4 as eh Daa Ra hey Fo oe BA AAS RTS pS 38 
Bs Collectors: .c3i set ick tis mney Dine nhi ns ied See bay dd a CaLeatnagl sated asin 40 
A, SBONVGN Gs cops era Guat lee oy aaan te ook bate Sac aane PW eet NaEL SOE ee S 41 
DI. Last Journeys anp Deata oF oun BroTHER ADOLPHE ............ 0.0.02 43 
I. Reports collected by Captain Henry Strachey.................2.5 0.00 c eee eee eee eee 45 
II. Information received from G. Knox, Esq., Assistant Commissioner of Kulu, and from Sir 
Alexander Lawrence, Assistant Commissioner at Kangra ....................-.5. 52 
Ill. Information received from the “Departement Asiatique” of St. Petersburgh, through Baron 
Budberg, Russian Minister at Berlin............0 0.0.0. e eee eee 56 
IV. Reports collected by Lieutenant Colonel H. B. Edwardes ...................0-. 0000 eee 58 
LV; “TRANSCRIPTIONS: sci cc fo Yk tee eer Ue aS A mod edly pea Nagas ale ae Taal cane Rata Gere ea Zee 66 


System adopted. A. Vowels. B. Diphthongs. C. Consonants. D. Phonetic Accents.—Linguistic 


experiments.—Alphabet used for transcription. 


Xx CONTENTS. 


PART IL 
ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


SECTION I. METHODS OF OBSERVATION AND CALCULATION. 


I. Instnuments. a. Theodolites........0. 0... ce cece teen cree n eect ten ber beereee bs 


Il. Intnopuctory Caucunations. a. Refraction.......... SSSR a ac avicmy adie cg kee LORY 


c. Methods of interpolation... 0.0.00... 00.00 cece ee cee Tah 


UI. Mernops For catcutaTina LatTiTupDE AND TIME... 1.10 ccc cc ec ee cece ccc eecneeee 
1. Observations of stars 2.0.06. ccc e cee ce eet e tu etenteyeeee. 


IV. METHODS FOR CALCULATING THE LONGITUDE ..............0..0 ceecvcceeeeeuee ihe Sted a heen etait aa 
1. Longitudes by chronometers..........0 0.000.000 c eee eevee eee eee eee 
2. Longitudes by celestial phenomenn......................-. Liateepiba Dadehes 
VY. Merson or Equations OF CONDITION .......0.0. 000. c eect ect cece eet c eer evetenteeceeeeeee 
a. Application to latitude... 2.0.6... cece eee eee ences 
b. Example for the calculation of the latitude..............0...0.0.0 000. eee 
c. Application £0 longitude: i. i iosscda deeded pee ny be adleh baw eds aa eschews 


SECTION II. OBSERVATIONS FOR THE DETERMINATION OF GEOGRAPHICAL CO-ORDINATES. 


A, Ixpua. Group I. Assim and Khassia Hills. Stations 1 to 5.0.0.0... 0... e eee eee eee 
Dibrugarh.—Tézpur.—Udelgtri.—Gohatti.—Chérra Punji. 
» Ul. Delta of the Ganges and Brahmapitra. Stations 6 to 9............... 
Surajganj.—Dhaka,— Kulna.— Calcutta. 
» III. Valley of the Ganges and its Tributaries. Stations 10 to 18................. 


Rampur Bolea.— Kissenginj (Bariadangi).— Patna. — Sigauli. — Bendres,— 
Lakhnéu.—Aligarh.—Agra.—Mirath, 
» IV. Panjab, Sindh, and Kach. Stations 19 to 30............-. 50... eee e eee 
Ambala. - Lahér.— Raulpindi.— Peshaur.— Shahpur. —Déra Ismael Khan. 
—-Multén.—Shikarpur.—Sévan.—Karrachi.—Bhij.— Rajkot. 
V. Central and Southern India. Stations 31 to 43..............00 2 eee eee eee 


Sager. — Jabtpur, — Nagri — Rajamandri. — Madras. — Bombay. — Pina. — 

; Mahabaléshvar.—Kalidghi.—Bellari.—Utakamand.—Utatur.— Galle. 
B. Hien Asia. a. Himalaya. Group VI. Bhutan to Nepal. Stations 44 to 49 ...-.....-......--0-. 
Narigin.—Darjiling.— Ringit bridge.—Ténglo. — Filiit.— 

Kathmandu. 

» VII Kaméon and Garhvaél. Stations 50 to 55 ................. 
Nainital, —Milum. —Mana.— Mana pass.— Ussilla. —Massuvi. 
» VHI. Simla to Hazira. Stations 56 lo G4...................... 


Vangtu bridge.— Rampur. —Simla.—Sultanpur. - Kardong. 
—Srinagger.—Daver. — Mozaferabid.— Marri. 


144 


148 


lad 


180 


197 


203 


CONTENTS. 


b. Zibet. Group IX. Gnari Khorsum. Stations 65 to 73 .........-...-0 eee eee eee 215 
Lapté]. — Giungul. — Gunshankar. — Chako La pass. — Gartok. — 
Dira.—Ibi Gamin glacier.—Puling.—Nélong. 
X. Ladak. Stations 74 to 83 -...... 0... ce eee eee eee 228 
Mad. — Tsomoriti.—Tsomognalari.—_Lacha Lung pass.—Leb.— 


Padum.—Dah.— Sasser pass.— Kargil.—Dras. 
» XI BA&lti and Hasora, Stations 84 to 92 ......-............5.- wees 246 
Hushe.— Chorkénda glacier.—Shinchakbi Biadnga.—Tso Ka.— 
Askoli.—Chutron.—Shigar.—Skardo. —Tashing. 
c. Karakorim and Kuenlien. Group XII. Turkistan. Stations 93 to 112............ 259 
Karakorim. — Kitk-Kidl. — Siget.—Route 
from the Karakorim pass to Bushia. 


Concluding general remarks and results ............6 0.62 e eee eee eee 270 


PART IIL 


MAGNETIC OBSERVATIONS. 
SECTION III. METHOD OF DETERMINATION OF THE MAGNETIC ELEMENTS. 


I. Decutatron. A. Instruments. .... 00.000 00.00 ee ete eet e nn ee Sed Bias eee 275 
B. Method of caleulation.............. 0000055000 c cece ccc ee 280 
UJ. Honizonrat Intensity. Method of observation and calculation ......................-.. 0.0.00 281 
Remarks on the apparatuses 000022266 eee eee 288 
OX ATM PLO 5-t_Aaas al ohne eae aha Pd pad Goan SNS & GLa ne oe oes Gleaner anasto 290 
II. Dip anp Vertican Intensity. A. Dip. ..... 66... eee ees 293 
B. Vertical Intensity ....... 06.0... cece ec nes 300 
TVs. “TOTaEINDENSITE so iecc aes sc ecicide g 8% Senate haga e fred Wi Baa ater idd Seca tig, Ss Lok Sescdeey Sis had PNA EAS 300 
SECTION IV. GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS 
AT BOMBAY. 
As “DEGLINARIOWS 5.0 Fae tx cen da eot adh Kieteatestes s handed a2 gy hbo mise eed ela Ne EO hat ated ADEE 303 
TI: HORIZONTAL, INTENSITY 6 isic6e soe coos okie MRR ENA Wane ach SMOG RHE GN Ma alacera de Mp OE akan adh Pea 312 
TLD, “GALCULATED! DIP wie: oc ceceseS i eihanie ed uch eee Sve pe bhace a dapoe breve nea Wa dlendeds seveqa ents oa 321 
LV) VERTICAL INTERBITY: i ed ght ete Leaded ee aeed as Zag Me Uae le ha abe dane hese Wlaghasayh Dace ae de obs 330 
Va. “TOTACINTENGITY 5.52.1 .05 h6-5 Pind oneredlea gp Mog anya ay wtiscid Melee apna taihed yee ethane ak yee aloo ule EEE 339 
SECTION V. MAGNETIC STATIONS. 
A. Inpta. Group 1 Assam and Khassia Hills .... 2.222002 ccc eee 342 
Stations: Dibrugarh.—Tézpur.—Udelguri.—Gohatti—Chérra Ptinji. 
» IL. Delta of the Ganges and Brahmapititra.............0....000 0-000 c cece cece eee 350 
Stations: Surajginj —Dhika.—Kulna.—Caleutta. 
» UI. Valley of the Ganges and its Tributaries 0... ..2.2. 0002 555 


Stations: Rampur Bélea.—Kissenganj (Bariadangi).—Patna.—Sigauli—Benares.— 
Lakhnau.—Aligarh.— Agra. Mirith. 


XI 


XII ~ CONTENTS. 


Group IV. Panjab, Sindh, and Kach .......002 2020 ee cece eee 366 
Stations: Ambéla.—Lahér.— Raulpindi.— Peshaur.—Shéhpur.—Déra Ismael Khan. 
—Multén.— Shikérpur.—Sévan.— Karréchi.—Bhij—Rajkat. 
Y. Central and Southern India...... 000262. cece cee eee 380 
Stations: Siger.— Jablpur. — Nagri.— Rajamandri.— Madras.— Bombay. —Puna.— 
Mahabaléshver.—Kaladghi.—Bellari.— Utakamand.—Utatur.— Gille. 
B. Hier Asta. a. Himalaya. Group VJ. Bhutan to Nepal...........0.00000000 000 396 
Stations: Narigtn. — Darjiling.—Rangit bridge.— Ténglo.— 
Faltt.—Kathmandu. 


” 


» WIL. Kaméon and Garhvél...................0................. 409 
Stations: Nainital.— Milum.—Ména.—Ussilla.—Miassuri. 
»y VIII. Simla to Hazara... 0.2.02. ccc eee 416 


Stations: Vangtu bridge. — Rampur.— Simla.— Sultanpur.— 
Kardong. — Srinagger. — Daver. — Moziferabad. - 
Marri. 
b. Tibet. » IX. Gnari Khorsum ...... 0.2 429 


Stations: Mid.— Tsomoriri.— Tsomognalari.— Leh.— Padum. 
—Sasser pass.—Kargil.—Dras. 


» XI. Balti and Has6ra...........0.00 00000000000 c cece eee 450 
Stations: Chorkénda.—Tso Ka.—Skaérdo.—Tashing. 
ce. Karakorim and Kuentien. Group XII. Turkistén..-.......00.0...0 0.2 454 


Stations: Karakorim pass. —Suget.—Sumgal. 


SECTION VI. GENERAL CONSIDERATIONS ON THE TERRESTRIAL MAGNETISM 
OF INDIA AND THE SURROUNDING COUNTRIES. 


A, MATERIADS oii sii nee he aac gh phew ead tata ieped oe ate ste tend ghee tomes caida e Lhiat 458 
I. Stations of our magnetic survey, from 1854-7 aH be Sang s By Sao Mestad A seeped, ePID 459 

I]. Survey of the Indian Archipelago, from 1845-49, ty Captain C. M. Elliot . ee ceagaee de 463 

III. Determinations of the declination, from 1834-49, by the Indian Navy ........... idtetahi ben Oa 467 

469 


IV. Observations in 1833, along the eastern coasts of India, by Blosseville................. e 
V. Declination in Central India and Hindostan, from 1813-28, by J. A. Hodgson, Surveyor General 470 


VI. Average declination in Rajvdra, 1835, by Lieutenant A.H. EE. Boileau .................... 471 

VIL Dip and relative horizontal intensity, from 1837-39, by F. G. Taylor and J. Caldecott. . 472 

VIII. Declination and dip in Kashmir and Ladak, 1847, by Major A. Cunningham ..... ett nies” Te 

IX. Historical data for secular change..... cba dbs SEE hae ORAM Vittieg aatanay R manats Bdoct gina ait 474 

a. Declination on the coasts of India and in the Indian Archipelago, from 1600 to 1856 475 

b. Dip on the coasts of India and in the Indian Archipelago, from 1768 to 1793....... 478 

B. Construction anp ExXpLaNaTION oF THE Maanetic Maps... ....-.------ etree 478 
1. Map of isogonic lines... 2.0.2 479 

2. Map of isoclinal lines. 2. 0.2.20 teens 479 

3. Map of isodynamic lines..............-. 05.00. e eee eter ete edt ahd € 481 

C. Resutts pepucep From THE ABSOLUTE DrTEAMINATIONS oF THE MAGNETIC TEMENTS ............ 482 
I. Declination ........ pi dtotnaseacnn Penge se etree A SERVER Re te onidulgs 482 

WS Dipiatt ekeestieas doce: we setae wat Ae tha lh ole Ck aig naeea eset ulbte sn aeaaataeg 484 

Ill. Total Intensity ................-. BOdat age ws Satan cyt BRL INS SBE Byes cir Se ae 485 

491 


Ixpex a tpl. ch aschdgtegafvsrnids fitter By Bibnet dana ee be&s 


MAPS OF SPECIAL REFERENCE TO VOL. I. 


Geographical map: No.1. Routes taken by Messrs. de Schlagintweit and their establishments from 1854-8. 
Physical maps: No. 1. Isogonic lines; No. 2. Isoclinal lines; No. 3. Isodynamic lines. 


Plate I. 
wy AL 
» I, 


PLATES CONTAINED IN VOL. I. 


Page. 
Diagrams to illustrate the eclipse of the moon, 1856, October 13 to 14, to face............. 116 
Diurnal oscillations of the magnetic declination, to face........... 0... eevee cee eee 386 


Diurnal oscillations of horizontal intensity, to face ............ 6... ee ee 443 


ERRATA. 


Page 30 linc 19, for X read XI _ | Page 356 line 21, for 6-203 read 4°190, line 22, for 9°132 
» 69 ,, 22, insert between (bb) and d ch read 7°904 
o fn oon » 961 ,, 7, for 5°095 read 5°113, line 8, for 9-230 
. 87 4 18, for TOPS agg ty & AOee read 9-242 
+ 7 26 + 726 » 371 ,, 19, for 0.22063 read 0°22539, line 30, for 
+ 125 ,, 6, for b read c 0°2226 read 0°2239, line 30, for 7°464 
4 126 ,, 20, for 113 read 112, line 23, for Lambert read 7°505 
read Lambton. » 372 ,, 3, for Needle 3 read Necdle 4, line 12, for 
» 190 ,, 23, for 1856 read 1855 7°845 read 7°889, line 13, for 10°830 
» 191 ,, 29, for 214° 10/0 read 214° 14/-0° read 10°889 
» 250 5 19, for 4h 17m 288 read 4 117m 18s ‘y 376 ,, 22, for 2°286 read 3-286 
» 288 ,, 8, for m to three and X to four read » 361 ,, 21, for 0°31665 read 0:33275 
m to four and X to three. » 384 ,, 3, for 229° 34/-5 read 229° 24/-5, line 16, 
» 943° 4, 11, for 36° 34! 35” read 26° 34! 35” for 0° 29984 read 0°31536 


» 344 4, 16, for 0°4399 read 0°4409 
3464, 14, for 5-653 read 5-719 


» 468 ,, 12, for Tomb read Tomb on the const 
» 477 last line, for southern ones in 1800; read southern 


» 479 ,, 24, for the forces read force, line 26, for 
every degree read every full degree. 


» 848 ,, 13, for 9°449 read 9-541 oncs; in 1800 
» 353, 82, for 2° 21/1 read 2° 21'-9 » 478 line 20, for declinations read curves, line 21, for 
» 354 4, 25, for log m read m 8,000,00%; for the equator read 8,000,000 
» 355 ,, 6, for 4:247 read 4°294, line 7 for 9-011 : for the equator; 

! 


read 9'033 | 


ALPHABET USED FOR TRANSCRIPTION. 


a (iv & a a); tt; b (bh); ch (chh); d (dh); e (€ & 8) f; g (gh); b; i @ 7); J Gh); k kh), khy 1 (1h): 
m; n; 0 (G 6), 6; p (ph); rv (rh); 8; sh; t (th); u (@ @), ti; v5 y5 z 


RULES OF PRONUNCIATION. 


Vowels. 

1. a, @ i, 0, u, as in German and Italian. 

2. 8, 6, ii, as in German. 

3. Diphthongs give the sound of the two component 
vowels combined. Diaresis is marked by the 
accent falling on the second of the two vowels. 

4. - above the vowel makes the vowel long. 


In general we considered it unnecessary to add 
this sign when the accent coincided with it, and 
‘the omission would not influenc the correctness 
of the pronunciation. 
Short vowels are not separately distinguished. 

3. » above a and e (& & is a sign of imperfect 
phonetic formation, similar to the open 2 in bed, 
and e in herd. 

6. — below a indicates the deep sound, like @ in 
wall, 

“7. ~ above a and o indicates a nasal sound, like 
@ and o in the French words gant and son; 
also é, 1, and i had to be introduced for 
marking the nasal sound of e, i, and u; in the 
nasal diphthongs ati and ai, we make the sign 
over one only, though both vowels have the 
nasal sound. 


GENERAL 


The measurements of heights and distances are 
given in English feet, and the miles also are English. 

The readings of the barometer are given in milli- 
metres and Jinglish inches. 

The longitudes are referred to the meridian of 
(ireenwich. Adopted longitude of the Madras Ob- 
servatory: 80° 13’ 56” East Green. 





Consonants. 


1. b, d, f, g, 
as in German and English [the variations oc- 
curing in the pronunciation of g, and hi (in 
English) excepted]. 

2. h, after a consonant is an audible aspiration, 


h, k, 1, m,n, p, r,s, t, are pronounced 


except in ch, sh, and kh. 

3. ch, as in English (chareh). 

4. sh, as in English (shade). 

5. kh as ch in German (hoch). 

G6. j, as in English (jest). 

y, as the w in German (IVasser), being different 

from v in very, and ic in water. 

8. y, as y in the English word yes. or j in the 
German ja. 

9. 2, soft, as in English. 


Accents. 
» marks the syllable on which the accent falls. 
whether the syllable be long or short. 


Alphabetical Registers. 
In our alphabetical registers the letters follow 
the order of the alqhabet, irrespective of the signs 
attached to them. 


REMARKS. 


The magnetic elements are given in Mnglish 
units, 

The sign A before a name indicates an unin- 
habited place. 

L. a. L. 8. = Little above the level of the sea. 
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GENERAL INTRODUCTORY REPORTS. 


ADDRESS 'TO SIR CHARLES WOOD, BART., SECRETARY OF STATE 
FOR. INDIA. 


ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHM ENT. 


LAST JOURNEYS AND DEATH OF OUR BROTHISR ADOLPHE. 


TRANSCRIPTION. 


I. ADDRESS TO SIR CHARLES WOOD, BART, SECRETARY OF 
STATE FOR INDIA. 


I. 


Ty is not without a lively sense of the great difficulties of the work we have 
undertaken, that we endeavour, in the following volumes, to present the results of the 
scientific mission with which we were entrusted in the years 1854-8. 

The flattering interest which His Majesty, Frederick Wilham IV., King of Prussia, 
so eminent a patron and protector of science and art, graciously condescended to take 
in our former researches, on the physical geography and the geology of the Alps. 
gave the first impulse which resulted in our mission to India. 

It was in February, 1854, when our late friend, Baron Humboldt, and the 
distinguished Prussian Minister, Baron Bunsen, then at London, officially communi- 
rated His Majesty’s intentions to the Court of Directors of the Kast India Company. 
Soon after this, our late brother, Adolphe, lett Munich for London, where he received 
from Baron Cetto, the Bavarian Minister, the kindest reception. who gave him at the 
same time most valuable advice in furtherance of our plans. 

Supported by the energetic assistance of Colonel Sykes, on the part of the Court 
of Directors, and of General Sabine and Sir Roderick Murchison, on the part of the 
Royal Society, all the official arrangements were made without any delay. 

One of the chiet objects of our researches was the completion of the Magnetic 
Survey of India, which had been commenced in 1846 by the late Captain Elliot. in 
the Master Archipelago.' At the same time, in consequence of the high interest 
evinced in science by the distinguished Court then at the head of Indian affairs. our 


Inission assumed a very general and extensive character. 


' Magnetic Survey of the Bastern Archipelago, by Captain C. M. Elliot. Philosophical ‘Transactions. 1851. 


6 GENERAL INTRODUCTORY REPORTS. 


On the 20th of September, 1854, we left England, under conditions most favour- 
able for the researches with which we had the honowr to be charged, and we arrived 
in Bombay on the 26th October, 1854. In India, as in England, every official assistance 
was most kindly given to us, and we found ourselves liberally provided with the 
necessary orders to the respective civil and military authorities, and with diplomatic 
introductions to the Courts of the Native States.' These documents were of-the most 
essential importance in enabling us to extend our mission into countries, which, other- 
wise, we could never have hoped to reach, and which, indeed, were far beyond the 
limits of our original intention. 

Notwithstanding, in the independent territories north of the Himalaya, and espe- 
cially amongst tribes whose hostile disposition often obliged us to travel in disguise 
and conceal our instruments, our progress was not without many and unexpected 
difficulties —difficulties which most unhappily ended in the lamentable death of our 
dear brother, Adolphe, who was killed at Kashgar, in August, 1857.’ 

We met on our way home in Egypt, Hermann having come down from Tibet, by 
the easterly route, vid Calcutta, Robert by the westerly route, vii Bombay. We arrived 
at Trieste on the 8th of June, 1857. 

Our assistants had been allowed by the Government to continue their obser- 
vations in the special branches of physical geography until March, 1858. To about 
this date also extends the information received from those of our brother's establish- 


ment, who returned after his death, trom Turkistin.’ 


' Lord Dalhousie and Lord Canning at Caleutta, Lord Ilarris at Madras, and Lord Elphinstone at Bombay, 
most materially contributed to the uninterrupted and successful progress of our observations by their never failing 
official assistance. 

We are also indebted to the numerous friends, net with during our travels in India, for much valuable advice, 
support, and scientific information. Amongst others we may mention Sir John Lawrence and Lord W. May, in the Panjab 
and the Himalaya, Colonel Waugh and Major Thuillier, in Calcutta, and the Honourable Waller Islliot, in Madras, and 
though we must refrain in this place from completing the Jist of names, we shall gladly avail ourselves of the many 
upportonilies which will occur in the course of our work for mentioning them in comection with the objects of our 


researches. 
* Seo No. TE of the General Intruductory Reports. 


* During oor travels “Reports on the proceedings of the Officers engaged in the Maguetic Survey of [ndia” 
were Trour time to time forwarded by us to the Government, who ordered them to be printed. With the exeeplion 
of the last Report, they were all written upon the march, and contain but the general oatlines of the routes 
followed and of thp objects oliserved. - 


Their tithes are: 


ADDRESS TO SIR CHARLES WOOD. BAR'L. 


I. 


Upon our return to Burope, the working ont of our scientific materials, and their 
publitation, was immediately commenced. ‘The kind assistance which we were fortunate 
cnough to receive from Lord Stanley, then Secretary of State for India. greatly 
facilitated the preliminary preparations for our intended work. 

It was not without some anxiety in reference to the results we might obtain, 
that we took in hand the elaboration of our various observations; but though we 
often found many difficulties presented by the intimate and complicated connection 
of the various physical.laws in nature, vet the progress of our labours, of which we 
here present the first volume, has, if we may venture an opinion, developed results. 
for which we may hope to find an indulgent reception. 

[t has been a circumstance peculiarly encouraging that Her Majesty, your most 
gracious Sovereign, has been pleased to confer upon us the high honour of accepting 
the dedication of the artistic parts of our publications. This portion of our work 
consists of an Atlas in three folio volumes (containing 80 views and panoramas, 
and from 20 to 30 maps and profiles), and also of a plastic series of 275 ethno- 
graphical heads. 

Our scientific publications, in eight quarto volumes, contain the details of the 
observations, together with the general results which we endeavoured to obtain by 
the comparative and mutual application of the related branches in physical science 
and natural history, our principal object being to present a general physical tableau 


of the various countries explored. 


1. Observations made during the sea voyage from Southampton to Bombay, by Hermann, Adolphe, and Robert. 
2. Bombay to Madras, through Southern India, by Hermann, Adolphe, and Robert. These two Reports were 
published in Madras, May, 1855, and reprinted in Caleutta, June, 1855. 
3. Sikkim, Khissia Hills, and Assim, by Hermann. Calcutta, Febraary, 1856. 
4. Kaimaon, Tibet, and Garhval, by Adolphe and Robert. Agra, December, 1855. 
5. Upper Assim, Bhutan, and Bengal, by Hermann. Lahor, 1856. 
G. Central India, Madras Presidency, and Nilgiris, by Adolphe. Lahor, 1836. 
7. Central India and North West Provinees, by Robert. Lahér, 1836. 
8. Ladak and Turkistin, by Hermann and Robert. Agra, 1857. 
9 Western IlimMlaya and Balti, by Adolphe. Lahor, 1857. 
10. Panjab, through Sindh, to Bombay, by Robert. Calcutta, 1857. 


11. On the Inst journeys and death of Adolphe, by Hermann and Robert. Berlin, 1859. 
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To these volumes will be added another descriptive one, forming No. 9 of the series. 
This will not be a narrative of the travels in their chronological order, such being 
given in the first volume' in a condensed tabular form, but, on the contrary, a general 
and comparative representation of what we consider to be the characteristics of the 
natural scenery of the different regions examined.? 

The area over which our operations were carried on, every facility being given 
us to follow independently different routes as often as circumstances allowed it, was 
extended from Ceylon to Kashgar in Turkistin (Lat. N. 6° to Lat. N. 38°), and 
from Sindh to Assim (Long. E. Gr. 67° to 95°); and all along these various routes 
we were enabled to collect, in addition to our own observations, materials very 


valuable tor the work we had to publish. : 


II. 


In working out our observations, the well known labours of numerous scientific 
predecessors" have proved of the greatest importance to us. 


The materials*collected by us are comprised under the following heads: 


A. MANUSCRIPTS, DRAWINGS, MAPS. 


1. 45 manuscript volumes, containing the observations made by ourselves and 
our respective establishments. 


2, 172 unreduced stations of meteorological observations, part of which were 


made previously to our arrival in India, and communicated to us, at our request, by 


the Grovernment. 


‘See Noo ID. of the Genera) Introductory Reports. 
2 The titles of the nine volumes are : 
I. Astronomical and Magnetic Observations. 
NH. Hypsometry, Barometrical and Trigonometrical Observations. 
I. Topical Geography, and Route Book of the Himalaya and Tibet, 
IV. & V. Meteorology and Climate in general. 
VI. Geology. 
VIL. Botany and Zoology, particularly with reference to geographical distribution. 
VI. Ethnography, comparative researches based on measurements, caste, and photographs. 
IX. Geographical Aspects of India, the Himalaya, Tibet, and Turkistan. 
* Amongat many others, who have luboured in the various branches of physical geography and ethnography, 
are to be maned: Buist, Cautley, Cunningham, Eastwick, Elliot, Mverest, Falconer, Gerard, Griffith, Hodgaon, Hooker, 
Latham, Oldham, Prinsep, Thomson, the Stracheys, Sykes, Thuillier, Waugh, and Wilson, 
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3, 750 views and panoramas by Hermann and Adolphe, including some photo- 
graphs of landscapes by Robert. 
4. Various maps and profiles in connection with the geological and geographical 


observations. ! 


B. COLLECTIONS. 


a GEOLOGY AND NATURAL HISTORY. 


1. Zhe Geological Collections consist of about 2000 specimens of rocks and fossils, 
and of 1400 specimens of soils and deposits now filled in glass cylinders. The setting 
up of the latter, which are in the museum of the India House, is now nearly com- 
plete, and the labelling and arrangement of the remaining part of the collection is in 
active progress. 

2. Lhe Herbarium was formed principally with a view to represent the geo- 
graphical distribution of plants, and is particularly complete for Tibet, from Gnari 
Kh6érsum to Haséra, and for the routes from Ladik to Turkistén. 

3. The Zoological Collections contain skeletons, skins, and animals preserved in 


spirits of wine, many of which are already placed in the India House museum. 


bv. ETHNOGRAPHY. 

In illustration of this branch of science we have collected various articles of 
native dress, manufactures and weaving, 351 specimens of which have been delivered 
to the India House museum, whose ethnographical collection for the astern Empire 
is unrivalled in Europe. The more important portion, however, consists, besides the 
skulls and skeletons, and numerous photographs, of a collection of 275 facial casts and 
38 casts of hands and feet. 

The complete series, published in metallic casts since May, 1859, by J. A. Barth, 
at Leipzig, is in the sculpture room of the India House. 

We partienlarly mention our obligations to the late Dr. Horsfield, and also to 
Dr. Forbes Watson, the present superintendent, for their kind and valuable assistance in 


arranging our contributions. 


' The important maps, published in India by the Great Trigonometrical Survey, and those also by the Revenue 
Department, were most liberally placed ut our disposal by Colonel Waugh and Major Thuillier, whom we have 


already had the pleasure of mentioning. 


10 GENERAL INTRODUCTOLY REPORTS. 


IV. 

The Royal Society, to whom, as has been already stated, we are under deep obli- 
gation tor their active interest in our mission, have bighly honoured us by accepting 
the dedication of this volume, the first of the series, which contains the results of 
our researches on terrestrial magnetism, as well as the determinations of latitudes 
and longitudes, connected with these observations. 

The details of the astronomical and magnetic observations are preceded by an 
itinerary in a tabular form, by the communications received in reference to the fate 
of our late brother, Adolphe, and by explanatory notes on the mode of transcription 


adopted. 


Berlin, Ist Mareh, 1860. 


II. ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT, 


A, ROUTES. 


J. Kurope to Bombay, yia Egypt. LL. Bombay to Madras. IM. Calcutta to Nainital, and Caleutta to Darjiling. 


1m 


IV, Himalaya and Central Tibet. V. Bengal, territories of the North-East Frontier, and Hindostan. VI. Central 
and Southern India. VII. Western Tibet. VIIf. Chains of the Karakortim and Kuenhien. IX. ‘Tibet and 
Himilaya. X. Panjab to Caleutta, with a visit to Central Nepal. XI. Panjab to Bombay, and visit to Ceylon. 
XI. Return to Europe, via Egypt. XIU. Adolphe’s last journeys. XIV. Routes of Adolphe’s establishment: 
a. in the. Himalaya; b. in Central Asia. 


The routes are laid down on Map No. 1 of the Geographical Atlas. 


B. ESTABLISHMENT. 


{. Observers. IL. Interpreters. III. Collectors. IV. Servants. 


The detail of the transcription used forms the object of No. [V. of the General 


Introductory Reports. 


A. ROUTES. 


In the Tables, in which we present the different routes! taken by ourselves and 
by our assistants, we give the detail in such a form, as to render it possible mi- 
nutely to follow them on the Route Map, which is contained in the geographical part 
of our Atlas. 

We have formed our routes in 14 groups, arranged in chronological order. 

The sign A indicates an uninhabited place, where a halt had been made. Such 
places along commercial routes are also the halting places of caravans. 

The different routes are preceded by explanatory remarks, having reference prin- 


cipally to the mode of travelling and to the general character of the climate. 
' As stated in our evidence before the Seleet Committee on Colonization and Settlement in India (Fourth 
Report, published July 23rd, 1858, p. 2), the total length of the various routes, along whith our rescarches were 


carried on, in India and to the north of it, amounts to about 18,000 miles. 
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In writing these notes, we ever experienced the most lively conviction of their 
incompleteness. If, however, for the present, we have limited ourselves to the deline- 
ation of a few descriptive outlines; we have done so only with the hope of being 
able hereafter to present the details im a form better adapted for scientific and 
descriptive purposes than the chronological arrangement appears to be. This 
enumeration of onr routes in a condensed form may at least be found useful in 
facilitating the general geographical connection of the objects of our researches. 

In the second part of this chapter, we give an enumeration of the establishment 
we had engaged, in which all the detail about the persons, occasionally mentioned in 
our itinerary, will be found. The routes they took are only given when they were 


separated from us. 


I. EUROPE TO BOMBAY, VIA EGYPT. 


1. Hermann, ADOLPHE, Rorert. 


1854. : 
September 20th, left Southampton, per steamer | October 8th, left Suez, per steamer “Oriental”. 
“Indus”. ; «  1dth, Aden, per steamer “ Auckland”, for 
3 25th. Gibraltar. Bombay. 


Ae 30th, Malta. 
October 5th, Alexandria. i 


» 26th, Bombay. 


Adolphe remained at Bombay till December 2nd, Hermann and Robert till December 31st. 
They visited: 
November 19th to 22nd. Bassdin, Salsette, and =| December 16th and 17th, Hlephanta. 
Tanna. , 


If. BOMBAY TO MADRAS. 


During our journey through the southern parts of the Peninsula of India we 
had engaged a camel proprietor. The men keeping camels ready for hire are called 
mokadaims in Bombay, chaudris in Bengal. This man supplied 20 camels (dromedaries) 
and six servants for the transport of our tents, collections, and our heavy Inggage in 
general. All the delicate instruments were carried by ktlis on long bamboo sticks; 
the chronometers, throughout the journey, were carefully packed up in bags, thickly 
stuffed with cotton, as well to prevent the ill effects of unavoidable shaking, as to reduce 


as much as possible the variations of temperature. The kilis were changed every 


three or four marches. 
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Our mode of travelling was as follows:—In the evening the mokadim, with his 
kulis and the greater part of the dromedaries, used to leave the encampment which had 
sheltered us during the day, aud push forward in advance of us during the cool hours 
of the night. Early in the morning, between three or four o'clock, we ourselves set. off 
on horseback, reaching the new halting place, already prepared by the party preceding 
us, at about ten o’clock. In thie afternoon, when the sun’s rays were somewhat tempered. 
we made ow usual exploration of the immediate vicinity. In jungly districts we 
occasionally rode dromedaries, instead of horses. 

In the Dékhan the mornings were generally cool, 7° to 11°C. (44%6 to 51°8 Kahr): 
and during the hours preceding sunrise a well marked haze, considerably affecting 
the transparency of the air, was regularly observed when the temperature reached its 
maximum of heat. At about three o'clock in the afternoon the thermometer ranged 
between 23° to 27° C. (73%4 to 8076 Fahy). In Maisstir, the southernmost point 
of this journey, heavy morning dews were a characteristic feature. ‘The temperature 
also was considerably higher, the morning minimum being on an average 14° to 18° C. 
(57°2 to 64°4 Fahr.), the maximuin 25° to 29° C. (77° to 842 Fahr.). ‘The only wet 
day was the 19th February on Robert's route, the rain being heavy, though of short 
duration, and quite local in its effects. 

‘he periodical setting in of the sea breeze in the afternoon was distinctly felt 


50 miles inland. 


2. Hermann, Anotene, Rouerr: Western Ghats. 


A, AbourHn. 3B. Hermann, Ropert 
1854-5. 
December 2nd, left Bombay by boat. | December 31st, left Bombay by steamer. 
<5 6th, Mahar. / January 2nd, across the Bhor Ghat. 
3 Oth to 15th, Mahabuléshvar. ‘ 4th, Pana, where they joined Adolphe. 


‘ 20th to January 4th, 1855, Pina, 
From Puna he visited. December 28th to 31st, Singérh. 


3. Through the Dékhan and Maisstr to Madras. 


af. Hermann, Avoteup, Rosen. 
1855. 
January 5th, left Pana. January Lsth and 19th, Kalddghi. 
Nth, Sattara. &s 22nd, Gadjantergarh. 
1th. Anapur. i a 27th to 30th, Bellari. 
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B. Apoupue. C. Henmany, Ronerv. 


January 31st, left Bellari. | January 31st, left Bellari. 
February oth, Banganpilli. February 4th, Paulasamidram. 
4s 9th, Kadapa. | 
14th, Tirptti. Hermann, by carriage dak. 
16th, Nelatar. x 12th, Madras. 
“t 18th, Madras. Robert. 
11th, Kistnaghérri. 
‘i 15th, Vellur. 
» 19th, Madras. 
We remained in Madras till March 2nd, arrived at Calcutta per steamer “Bengal”, March 5th. 
Quarter Master General’s Guide, Salménji, returned round Ceylén to Bombay. 


7 8th, Bangalir. 


WJ. CALCUTTA TO NAINITAL AND CALCUTTA TO DARJILING. 


One mode of rapid travelling in Bengal is by palanquin or palki, with relays of 
bearers previously posted at the different stations along the line of route. The 
luggage (reduced in our case chiefly to instruments) is conveyed at the same speed 
with the traveller. A large palki train, travelling during the night, accompanied by 
torches and kept at a uniform rate by a peculiar monotonous chant of the bearers, 
is a characteristic peculiar to Indian travelling. ‘The palki dak has the advantage of 
being practicable even along bad roads, and over the hilly districts, in fact on nearly 
every kind of route where bearers can be procured. In Bengal the office of palki 
bearer is confined exclusively to one particular caste, named the Kahirs. 

Another mode of travelling is by carriage dak, which, however, can be used 
along but very few roads, and even on these its progress is often interrupted by the 
swollen state of the rivers, nearly all of which must be crossed without the help of 
proper bridges. Thest carriages are four-wheeled, of the same make as a palanquin, and 
drawn by one horse, which is changed about every six miles. 

A part of our journeys was performed during the setting in of the hot season, 
the maximum temperature reached 36° C. (96°8 Fahr.), but during our later journeys 
we had still higher temperatures. Though in the morning the thermometer usually 
reached 20° C. (68° Fahr.), yet the air was very pleasant to the feelings of the tra- 


veller. 
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At Farrukbabad, on the 11th of April, 1855, there was a heavy dust storm, from 
which we defended ourselves as well as we could by putting wetted tattis before 
our doors. These tattis are mats of grass, and, when kept wet, lower considerably the 
temperature of the room by the process of evaporation. Some people consider them 
unhealthy; though for our own parts we never experienced any bad effects from their use. 

The ascent to the top of the first ridges of the Himaélaya, which are more than 
6000 feet high, is very steep, and the climate, in consequence, extremely varied. 
Indeed, the very first evening, after leaving the heated plains, we found it desirable 


to have fires. 


4, Anotrunr, Ronerr: Bengal and Hindostan. 


185d. 
March 24th, left Calcutta by rail. April: 6th and 7th, Allahabad by’ carriage dak. 
» 29th, Patna by palki dak. » 10th and 11th, Fatigirh .. es 
April 4th, Bendres Adolphe, a Baksits » 13th, uae ay palki dak. 
Robert, vid Sherghotti. » 16th, Nainital. 


We remained at Nainital till May 16th, making occasional excursions: to Chiner peak, 27th and 
28th April, to Laria Kaénta, May 7th to 9th, and in the environs of the lake at Nainital. 


Assistants: Mr. Daniel and guide Eleazar travelled along the Grand Trunk Road, Mareh 15th 
to May 9th, from Calcutta to Nainital. They made a stay of several days at Allahabid, Bendvres. 
and Fatigarh. , 

They had their luggage carried by the Government bullock train. This consists 
of a number of strong carts, with solid wooden wheels; they are drawn by bullocks, 
which are changed at every six or eight miles. This train is used chiefly for the 
carriage of Government stores, merchandize, and heavy luggage in general to the 
upper provinces, and travelling, as it does, day and night, reaches Lahér, during the 


dry season, in about from 24 to 26 days after leaving Calcutta. 


5. Hermann: Bengal to Sikkim. 


April Sth, left Calcutta by palki dak. 
«8th, Béerhampir. 


April 14th, Siligéri. 
» 16th, Pankabari. 


1855. 
| » 18th, Darjiling. 


» Lith, Dimajpur. 


Remained at Darjiing till May 7th, making occasional excursions. 
Assistant: Lieutenant Adams left Calcutta, March 30th, went by steamer up the Ganges, and 
reached Darjiling, vid Parnea, April 23rd. 
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IV. HIMALAYA AND CENTRAL ‘TIBET. 


6. Hermann: Sikkim, Himalaya... 


My researches in Sikkim were madé along the Singhalila ridge. The hostile 
disposition of the Sikkim Government since Dr. Hooker’s and Dr. Campbell’s travels 
utterly frustrated all attempts to obtain permission to travel in the lower parts of 
Sikkim. Even on the route which, at first, I thought it possible to follow unobserved, 
since it lay along a jungly and uninhabited ridge, I soon found that my kilis and 


workmen, of whom I had a great number for clearing paths and making tree 


sections for the collection, gradually disappeared. This seems to have been a device 


on the pait of the Nepalese to make it impossible for me to continne my 


journey. 
But in spite of this and all other difficulties I succeeded, partially at least, in effecting 
my purpose. Three weeks later a Nepalese guard presented itself, and, after allowing 


me to make a few marches forward, forced me to return. 
Up to Ténglo I had the pleasure of being accompanied hy Lieutenants Congreve 
and Goddard, and Dr. Dominichetti. Lieutenant Congreve, who returned by the Nepalese 


fort Ham, had the kindness to communicate to me his route. 
In the southern parts of Sikkim, and particularly in the environs of Darjiling, 


the rainy season is very heavy; the amount of rain very often exceeding, during this 


peviod. 120 inches. Farther to the north the rains were not quite so violent, 


nevertheless they offered very serious obstacles. During my travels in Sikkim, my 


tent was wet through for three weeks continuously, and everything inside, as may be 


well imagined, in a state of excessive moisture. 


1855. 
May 7th. left Darjiling. 
Oth, Saimonhong. 
.. loth, Tonglo. 
. 20th, Changtibu. 3 ! 
22nd, Fahit. 
0th, Goza. 


Ane 2nd. Jast eamp Singhalila. 
12th, returned from Falut. 
17th, reached Darjiling. 
July Ist, coal mines on the Ratitng. 
August 12th, left Darjiling. 
lith, Siligéri, foot of Himalaya. 


Assistants: Lieutenant Adams marched with Hermann: Abdul, being a native, was able to visit 
the valleys of the Raman, and Rangit. 
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7. AvotpaE, Rosperr: Kamion, Himalaya. 

The Traill’s pass was the first high pass which Adolphe had to cross in the Himalaya. 

This pass had been first discovered by Mr. Traill': we therefore kept his name 
connected with it. It offered great difficulties, as well from the enormous quantities 
of snow, which still covered its flanks at this season, as from the religious super- 
stitions with which it is regarded by the Hindus, to whom these stupendous moun- 
tains are objects of a particular worship. 

Its height exceeds 17,000 feet; but on account of its being impassable for horses, 
it has never been, like many high passes in the Alps, of practical use. The men 
whom Adolphe had succeeded in engaging were, with the exception of one, entirely 
ignorant of the direction to be taken; they could only be induced to follow him by 
his promising to sacrifice three goats on the top of the pass. Though this was done 
by them with strict observance of all religious ceremonies, some of the men were so 
frightened as suddenly to fall into fits, from which, however, they soon recovered. 

The route which Robert took, with the tents and the greatest part of the instru- 
ments, is at the same time the route of trade between the plains and the higher 
parts of Kamaon. The road, as far as Bageser, is excellent; but between Munshari 
and Milum the valleys are generally. so narrow, and the slopes so steep and rugged, 
that great difficulties were experienced in bringing up the horses, even without their 
loads. The only time that horses can be brought up and down with safety is early 
in the spring, when the remains of the winter avalanches form solid snow bridges, 
exactly similar to those in the higher parts of the Alps. 

The influence of the rainy season was felt in the higher valleys of Johir only in the 


beginning of July, when there were heavy showers of rain for three consecutive days. 
A, ADOLPHE. B. Roserv. 


May 20th, left Nainital. ne May 17th, left Nainital. 
» 22nd, Alméra, | » 2st, Bageser. 
27th, Kathi. 25th to 27th, Munshari. 
31st, Traill’s pass. | 29th, Rilkot. 
June 4th, Milum. 31st, Milum. 
Adolphe and Robert both remained at Milum till July 4th, and visited: 
June 9th to 12th, environs of Nanda Dévi. | June 16th to 21st, the glaciers near Milum. 


” 


1 My. Traill is well known by his publications on Kamion. See Asiatic Researches, Vol. XVI., 1831, p. 137, and 


Vol. XVIIL, 1832, p. 1. 
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8. AvoLpar, Roperr: Gnaéri Khorsum, ‘Tibet. 

The only chance we had of crossing the ‘Tibetan frontier was to pass it in dis- 
guise. Notwithstanding all our precautions, we were soon recognised as Europeans 
hy the Chinese authorities, and peremptorily ordered to return. To prevent our enter- 
ing their territories, from which Europeans are so jealously and successfully excluded, 
a Chinese guard was ordered to bring us back. But we were able to escape their 
vigilance, and, late in a dark night, to cross the Sakh pass. Though soon traced 
and overtaken by our guard, we nevertheless succeeded, by a liberal use of money, 
in making arrangements with the Chinese to allow us to proceed to the north as far 
as the Satlej. With the assistance of the Bara Mani, the head of the Mani family, 
we were able to penetrate as far as Gartok. 

This important trading station in Central ‘Tibet was first made known by Moor- 
croft’s visit in 1812'. At that time Moorcroft was also accompanied by members of 
Mani’s family. 

On this journey, in our ascent of the Ibi Gaimin, we attained an elevation of 
29,260 feet, the greatest height, as far ax we know, that has yet been reached on any 
mountain. 

Even here the influence of the Indian rainy season was still appreciable; it 
manifested itself in sudden thunder-storms, for the most part accompanied by hail and 


sleet. Occasionally we had to suffer very much from cold. 


1855. 
July 4th, left Milum. July 28th, environs of Gartok. 
. 6th, Uta Dhira pass. » 29th, Gunehankar peak. 
4 8th and 9th, Janti pass. August 5th to 8th, Mangnang. 
Lith, Kitinger pass. 13th to 19th, Ibi Gimin. 
. 15th, Sakh pass. «22nd, Ibi Gamin pass. 
. 18th to 20th, environs of Daha. . 25th to 31st, Badrinath and Mina. 


. 26th Chiko La pass. 

9, Apotryr, Roperr: Himalaya and Tibet. 

Adolphe managed to complete his second journey into Gnari Khorsum without 
the disguise he had assumed being detected. But, besides difficulties of a political 
nature, he had to contend with natural impediments, in the shape of a very rough 
road with three high passes. 


1 See Moorcroft'a Travels, edited hy IL. I. Wilson. 2 Volumes. London, S41. 
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Robert examined the territory in which are situated the sources of the Ganges 
and the Jémna with their principal tributaries. The surface of the country is ex- 
tremely precipitous and rugged, difficult of access, and quite impassable for horses. 
At the same time, the great number of fakirs travelling as pilgrims over these 


regions gives to them a very peculiar character. 


A, ADOLPHE. B. Rosert. 
Second journey to Tibet and return to Garhval. Garhval. 
1855. 
September 2nd, left Badrinath. September 7th, left Badrinath. 
i 5th, Mana pass. ‘a 9th, Jhdésimath. 


ts 15th, Okimath. 
19th to 22nd, Kidarnath and 


6 10th, Phéko La pass. 


» 16th, Puling. 
19th, Nélong pass. 


” 


glaciers near it. 


| 
| 
| 
‘s 27th to 30th, Mukba. 24th, Trijugi Nardin. 
October  Gth to 9th, Usilla. October Ist, Masertal. 
“ 12th, Kidarkanta. : y 6th, Uri. 
5 17th, Masstri. ‘ 13th, Kharsali. 
| ~ 2st, Massari. 


Separate routes of assistants: 
In May: from Nainital to Milum, vit Namik; in July: from the Sakh pass, via Niti to Badrinath, 
in October: from Masertdl, vid Sdlu to Kharsdéli, by two different routes. ‘ 


V. BENGAL, TERRITORIES OF THE NORTH-EAST FRONTIER, AND HINDOSTAN. 

10. Hurmann: Bengél and Khassia Hills. 

Notwithstanding the unfavourable season for travelling in the plains during and 
after the rains, a boat journey through the Jhils, nearly across country, was under- 
taken from Sikkim to the foot of the Khassia Hills, since it had become imprac- 
ticable to make any further exploration in the interior of Sikkim. 

I had two large native boats, called bénders, and a smaller one besides. The 
first was for the assistant and myself, and also carried the instruments; the second 
was for the servants and for cooking operations; the smaller one conveyed our two 
horses, which we found very useful in exploring the neighbourhood of our halting 
places, which we did every evening, as far as the state of the country allowed. 
Similar boats were also sometimes used in Assam. In the Khassia Hills and in 
Bhutan I travelled with horses and kilis. 

The climate in Kastern Bengal is exceedingly dangerous at this season, particularly 

a8 
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for a party like ours who had come down so recently from the cooler regions of the 
Himalaya. The temperature, which keeps nearly the same range both day and nicht, 
is not excessively hot, but very oppressive from the great moisture and almost entire 
absence of winds. The greatest danger, however, proceeds from the malarious gases, 
which affected us severely, though we should not otherwise have noticed their exist- 
ence. Lieutenant Adams was the first attacked by a brain fever, and shortly after- 
wards I was myself taken dangerously ill and laid up for a fortnight with a severe 
intermittent fever. 

In the Khassia Hills I could still observe the last traces of the rainy season, 
which is the heaviest as yet known in the world, the total amount of rain exceeding 
600 inches a year. 

The climate of Assim during the cold season is a most agreeable one, though, on 


account of the latitude, the insolation is still very powerful. 


1855. 
August 15th, Siligéri, on elephant September 29th to November 5th, Chérra Punji. 
17th, Bariadangi, by boat. November 9th and 10th, Mairong. 
os 22nd, Malda. si 11th, Kilong Rock. 
% 25th to 30st, Rampur Bolea, by boat. ‘5 12th and 13th, Nankgeu. 
September 8th, to 10th, Dhaka. % 14th, Jairong. 
18th, Kattia. ay 15th, Ranigodadun. 
% 22nd to 24th, Silhét. as 16th, Gohiatti. 


Draughtsman Abdul came down the river Tista from Titalia and joined me by Silhét at Chérra 
Punji. Mr. Monteiro, the zoological assistant, left Sikkim, August 24th, and descended by the lateral 
branches of the Ganges to Calcutta, where he remained till April 4th, 1856. 


11. Hermann: Assim, outer ranges of the Bhutan Himalaya, and the Delta of 
the Ganges. 


1855-6. 
November 16th to December 21st, at Gohatti. February 7th, left Dibrugarh, by river steamer 
December 28th, Mangeldai, by boat. . 10th, Tézpur. (‘Thames”. 
December 30th to January 5th, Udelguri, on ele- . 12th, by canoe to Gohatti, steamer sticking 


fast in the mud below Kilang. 
13th, 14th, Gohatti. 


phant. 
January 7th, Bogagaun. | 
10th to 13th, Narigtn. | . 17th, Serajging, by river steamer “Thames”. 
23th to 30th, Tézpur, by river steamer | « 21st, Dhaka. 
24th, Kilna. 
| 29th, Caleutta. Remained here till 


March 30th. 


“Thames *. 
February 2nd, Salamara. 
5th to 7th, Dibrugarh. 
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Assistants: Lieutenant Adams and draughtsman Abdul left Hermann at Mingeldai, January 2nd, 1456. 
They went up the Bori Dihing, and on the 28th of May reached the place where the Noh Dihing 
branches; then following the Noh Dihing to Sadia, on the Brahmapttra, they descended thence to 
Calcutta, where they arrived on the 28th of June, 1856. 

This was one of the most difficult expeditions which they had undertaken alone. 
Only the smallest canoes could be used, and even these, on account of the rapids, 
had often to be carried over jungly ground. 

The chief objects of their researches were: the coal strata, the petroleum springs 
along the foot of the Naga Hills, and more especially the rare hydrographical pheno- 
menon offered by the Dihing. This river divides itself, even in the upper part of 
its course, into two great branches, which afterwards discharge themselves into the 


Brahmapttra. 


12. Hermann: Bengal, Audh and Hindostan. 


As far as Ambala by horse dak. $ 
1856. 
March 31st, left Calcutta. April 17th, Déhli. 
April 4th, Bendres. » 18th, Mirath. 
‘ 7th to 9th, Liakhnau. » 22nd, Ambala. 


15th, Agra. . 25th, Simla. 


Mr. Monteiro, the zoological collector, left Calcutta, April 4th, and marched to Simla, where he 
arrived, May 20th. 


VI. CENTRAL AND SOUTHERN INDIA. 


The following route of Adolphe, to Southern India and thence up to Simla, 
extended over a much larger area than any of our others in one season. Along 
the Godaveri, in particular, where he had to march with fifteen camels, the natural 
obstacles were very great; but his experience in Indian travelling, together with the 
assistance of a well trained establishment, enabled him to overcome them without 


material loss of time. 

A part of Robert’s journeys led through the jungles and mountain systems of 
Central India—unhealthy countries, inhabited by the wild aboriginal tribes of the 
Gods, Bhils, and Kols. The road was for the most part stony, and altogether so 
bad that the camels could scarcely follow. Buffaloes, procurable in large quantities 


in Jablpur, would have been decidedly more useful. 
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Amarkantak is, for the physical geographer and ethnographer, a most. interesting 
country. It has been only once examined,’by Dr. Spilsbury.'. Though its height is 
only 3580 feet (instead of 7000 or 8000 feet, as had generally been supposed)’, the 
maximum of temperature did not exceed, in January, 24° C. (75°2 Fahr.), and a sky, 
almost continually overcast, sensibly mitigated the effects of the insolation. 

Adolphe, during his extensive journeys, had to pass through such a variety of climates 
that we find it impossible to give the general characteristics, without entering too much 
into the details of his observations. 


13. Apo.pne, Rozertr: Hindostin and Bandelkhand. 


From Déra to Agra by horse dak; thence with camels. 


1855. 

November 8th, left Masstri by palki dak. | December 2nd, Gvalior. 
10th to 14th, Dera. | Ps 7th, Jhansi. 
19th, Mirath.’ | » 1th, Baméri. 

| 


21th to 29th, Agra. » 15th to 19th, Sager. 


Guide Eleazar went alone by way of Déhli to Agra, thence with Adolphe and Robert to Sager. 


14. Apvo.pHe: Central and Southern India and Nilgiris. 


From Sager to Rajamindri with camels; Madras to the Nilgiris by pilki dik; 


Calcutta to Ambala by horse dak. 


1855-6. 
December 19th, left Sager. March 4th, Utatar. 
22nd to 26th, Jablpur. » 7th, Trichindpali. 
# Bist, Setini. «11th to 16th, Utakamand and Nilgiris. 
January 4th to 8th, Nagpur. «» 20th, Bangahir. 
11th, Nagri. + 22nd to 31st, Madras. 
«17th. Bibberi. April 5th, Calcutta per steamer “Oriental”. 
24th, Rajupetta. » 14th, left Calcutta. 
February Ist to 7th, Rajamandri. 1 » 19th, Kanhpur (Cawnpore). 
19th, Madras by sailing vessel “ Trafalgar”. | » 22nd, Déhli. 
24th, left: Madras. 24th, Ambila. 


27th. Pondishérri. | » 26th, Simla. 


1 See Journal of the Asiatic Sucicty, Vol. 1X. 1840, pp. 889 to 903. A letter of Mr. O. I. M‘Leod, printed in the 
Transactions of the Agricultural Society, Vol. VIIL, p. 144, contains only some general remarks about the possibility 
of its being the site of a sanitarium. 


2 See Dr. Hooker's well known “Himalayan Journals’, Murray, Lundon, 1854. Vol. L. p. 32. 
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At Simla we all three met, and took advantage of our stay in that place to make a general 
comparison of our instruments and observations. 

Assistants: Guide Eleazar accompanied Adolphe through Central and Southern India as far as 
Madras; from that place he was sent by a different route to Pondishérri; somewhat later he ac- 
companied Adolphe to Calcutta. From Calcutta he marched to Simla, April 5th to May 20th. 


15. Rosrrr: Malva and Hindostan (N.W. Prov.). 


1855-6. 
December 19th, left Sager. | February 4th to 6th, Sohagpur. 
22nd, Bermhan. . ‘a 12th, Rima (Rewah). 
o 25th, Narsinghpur. | ws 15th to 18th, Allahabad. 
ra 30th to January 5th, Jablpur. | % 2Ist to March 8th, Agra by horse dak. 
January 9th, Mandla, on elephant. { March = 9th to 11th, Dehli. 


13th, Ramgiarh. | is 13th to 14th, Saharaupur. 

18th, Gorakhpur. | % 18th, Nahan. 

z 20th to 26th, Amarksntak. 25th to May 28th, Simla and environs. 
f 31st, Munda. | (lay Gth to 10th, hot springs at Sini.) 


The native doctor Harkishen marched from Allahabad to Simla, March 8th to 26th. 


y 


VII. WESTERN TIBET. 


16. Hermann, Roserr: Simla to Leh. 

On each of the routes leading from Simla to the-interior of Western Tibet, the 
road, for eight or ten days, lies through high, wninhabited countries, where shepherds 
only are to be met with, and occasionally caravans of salt traders, who employ sheep 
for the transport of their goods. 

Passes, exceeding 17,000 feet, increase the difficulties of the road. Hermamn's 
route, which lay quite across the country, was chosen chiefly with a view of visiting 
ax many of the salt lakes as possible. 

Soon after crossing the ridge of the Himalaya Proper the characteristics of the 
Tibetan climate become decidedly prominent, viz. an excessive dryness of the atmo- 
sphere, a cloudless sky, and very powerful insolation. 

In Ladik, a peculiar dry haze is very remarkable during the latter part of 
summer; in valleys of an elevation of 11,000 or 12,000 feet the temperature is still 


remarkably high. 


GENERAL 


A. Hermann. 


Rissér, Spiti and Pangkéng. 


May 29th, left Simla. 
» 30st, Kotgarh. 
June 2nd, Rampur. 
.» 5th to 7th, Vangtu bridge. 
» 8th, Tari pass. 
. 12th and 13th, Mad. 
18th, Parang pass. 
21st to 24th, Lake Tsomoriri. 


» 26th to July 2nd, Lake Tsomognalari. 


July 6th to 23rd, Leh. 


17. ApotrHe: Simla to Skardo, 


INTRODUCTORY REPORTS. 


B. Roper. 
Kulu, Lahél, and Rupchu. 
1856. 
May 29th, left Simla. 
» 31st, Shuldi. 
June 2nd, Rissdlu. 
5th to 7th, Sultanpur. 

» 9th, Rotang pass. 

» 13th to 15th, Kardong. 
19th, Bara, Lacha pass. 
23rd, Lacha Lung pass. 
26th, Taklang pass. 
30th to July 23rd, Leb. 


” 
” 


” 


| ” 


via Kulu, Lahdl, and Tsanskar. 


Adolphe’s journey in Balti included one of the largest groups of glaciers, as well 
as some peaks remarkably high for this longitude. He examined carefully the most 
western part of the Karakorum range; but his attempts to cross it into Turkistan 
were frustrated by the hostile attitude of the predatory tribes infesting its northern 
foot. 

In Balti, the principal valleys being at a lower elevation than those of Ladaék, 
and at the same time more generally cultivated, the climate becomes mild enough to 


allow of the cultivation of fruits, chiefly apricots, which form here an important 


article of trade. 


May 29th, left Simla, 

June 13th to 15th, Kardong, 
19th, Shinko La pass. 
23rd to 26th, Padum. 

.. 29th, Péntse La, pass. 
4th to 7th, Dah. 
8th, Chorbat pass. 
12th, Khapalu. 

14th and 15th, Hishe. 

16th to 19th, Sospor glaciers. 

21st, Chorkonda. 


stages. 


July 


accompanied by Robert, 
and making the same 


1856. 


August Ist, Haldi. 
5th, Shigar. 
8th, Chutron. 
12th, Brahaldo. 
. 4th, Askoli. 
17th, Sharshing. 


” 


29th, Skéra La pass. 
» 31st, Shigar. 
2nd to 5th, Skardo. 


July 24th to 29th, Chorkénda glaciers. 


. 20th to 23rd, Mustak glaciers and pass. 
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VIL CHAINS OF THE KARAKORUM AND KUENLUEN. 

18. Hermann, Roperr: Ladik, Nubra, Turkistan. 

We are fortunate enough to bave been the first Europeans that ever crossed the 
chains of the Karakoriim and of the Kuenlien; Dr. Thomson had proceeded so far 
as to reach the Karakortim pass,’ but the Kuenltten, erroneously considered as the 
watershed between Central Asia and India, had hitherto remained a perfectly unknown 
and unvisited territory. Marco Polo, in the 13th century, only penetrated in these parts 
as far south as Kashgar. 

The success attained by ourselves, though scarcely anticipated, may be ascribed, in a 
great measure, to the precautions we took to keep all our arrangements for this journey as 
secret as possible. It was very important, for the purpose of avoiding immediate discovery, 
to follow a route not generally taken by caravans trading to Yarkand. Mohammad 
Amin, our chief guide,’ therefore, proposed to us a direction, which we followed. 
and along which we travelled, without any trace of a road, from the Karakorim pass 
as far as Bushia. 

The countries we passed are certainly some of the highest of our globe, At 
these great elevations (14,800 to 17,600 feet, with passes above 18,000 feet) we very 
rarely found wood, and scarcely sufficient food for our horses; even water, though 
generally plentiful in summer, by reason of the melting of the snows, is occasionally 
obtainable only with great difficulty, when the days are more than usually cold. 

On leaving Ladik, we had nineteen horses with us, of which, however, we lost 
seven between Leh and A Stimgal. On the 13th August, while crossing the Elchi 
pass, we were overtaken by a violent snow storm. . The cold was intense during the 
night, and two of the horses, which were lying close to our very feet, died from the 
effects of it. Before our return from Khétan we succeeded in making purchases of 
fresh horses,* together with six yaks and two Bactrian camels. 

As far as the southern foot of the Kuenlien the climate is always very dry, 
and, as must be expected from the great elevations, exceedingly cold and bleak. In 
these regions the rarefied air frequently became the cause of severe suffering for all 
our party, even the horses and our two Bactrian camels being decidedly affected by it. 


' Western Himalaya and Tibet. Tondon, 1852. 

? Por details about him, see B. Establishment. 

* Two of these horses we brought with us to Europe, as well ag (he two camels: the latter we presented to the 
zoological garden at Berlin. 


I. 4 
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We were surprised to find how much the effect of the rarefaction of the air was in- 


creased when winds sprang up. 


1856. 
July 24th, left Leh. j August 24th, A Oitdsh. 
a 29th, Panamiik. a 25th and 26th, Biushia. 
August 2nd, Sdsser pass. <j 28th, recrossed the Kuenlten. 
3rd, Sasser peak. % 3Ist, A Siiget. 
6th, A Pullak. September 2nd, A Valiksha. 
8th, A Daulat Beg Ulde. 4th, recrossed Karakorim pass. 
9th, crossed Karakorim pass. “3 6th, A Stltan Chiskun. 
. 12th to 14th, Salt Lake Kitk-Kiil. 3 8th, Sasser pass. 
, 16th to 18th, to A Sikénder Mokdém. 2 10th, Karsar. 
» 19th to 22nd, Karakash valley to A Samgal. % 12th, Leh. 


23rd, crossed the Kuenhien by the Elchi pass. 


Assistants: Harkishen and observer Nain Singh remained at Leh in charge of a corresponding 
magnetic observatory; plant collectors and shooters collected in the Indus valley from Dah to Hanle, 
and in Tsanskar and Nibra. 


1X. TIBET AND HIMALAYA. 


19. Apon.pHE: Hasoéra and Kashmir. 
Adolphe selected this route chiefly with the view of examining the large peaks 
and glacier groups surrounding the Didimer, which attains a height of 26,629 feet.' 


Kinnibari and Nunnivari peak were important stations for his geographical surveys. 


1856. 
September 6th, Burge pass. | September 27th to 29th, Kinibari peak. 
Sth, Naugaum. October Ist, Dorikén pass. 
12th, Haséra. = 3rd, Gurés. 
» 15th, Tashing. af 6th, Nunnivari peak. 
17th to 19th, Diamer glaciers. a 9th to November 2nd, Srinagger. 


20th to 23rd, Tashing. 


His plant collectors and shikaris (shooters) chiefly explored the country west of Skardo. 


20. Hermann, Roperr: Ladak to Kashmir. 
The Stu pass, being already covered with snow, was crossed with difficulty so 


late in the season. In general, both the roads followed are comparatively easy. 


' See Memorandum on the Nanga Parbat, by Captain T. G. Montgomerie, in the Journal of the Asiatic Society 
of Bengal, No. TV., 1857, p. 266. 
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A, Hermany.—Southern route. B. Rogert.—Northern route. 
1856. 
October 4th, left Leh. October 4th, left Leh. 
is 6th, Lama Yuru. 5 6th, Lama Yuiru. 
ss 8th, Kargil. “3 8th to 10th, Kargil. 
11th, Stiru pass. » 12th, Dras. 
15th, Pashmin. » 14th, Tsdji pass. 
17th, Islamabad. | » 16th, Nanner. 
19th to November 2nd, Srinagger. » 17th to November 2nd, Sriniigger. 


21. Separate routes of the establishment: 
A. My. Monteiro and guide Eleazar. 
From Simla Mr. Monteiro and guide Eleazar took the route to Kashmir, via Kangra 
and Jimu. This journey was performed during the rainy season, which is not only 
the unhealthiest time of the year for travelling, but has such effect upon the roads 


as to render rapid movement an impossibility. 


. 1856. 
June 2nd, left. Simla. September 11th to 14th, Rajauri. 
es 27th to July 9th, Kangra. & 17th, Pir Panjal. 
August 22nd to 25th, Jasrétha. 3 23rd, Srinagger. 


29th to September 4th, Jamu. | 
B. Plant collectors: 


The plant collectors Daiddher and Johdr Singh went by the following route to Kashmir, after 
leaving Adolphe and Robert at Kardong : 


1856. 
June 16th, left Kardong. July 26th to 30th, Kishtvar. 
» 22nd, Triloknath. August 7th to 10th, Islamabad. 
July 6th to 8th, Chamba. e 12th, Srinagger. 


18th to 23rd, Bhadrar. 


22. Hermann, Apotrue, Roperr: Kashmir to the Panjab. 

During our stay in Srindgger, the capital of Kashmir, where we all met together 
for the second time, we occupied the large house built by the late Rajah Gulab Singh! 
for the reception of Government missions. It is situated close to the banks of the 
Jhilum, in a large garden, and though not so richly ornamented as the Rajah’s own 


palace is much better adapted to European purposes. 


' Gulab Singh died in August. 1857, and was suceceded by his son, Rambir Singh. the present ruler of Kushmir. 


4* 
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The different routes from Kashmir to the Pinjib offer in themselves no particular 
obstacles; but as all the collections which we had made during the summer, and 
which had already been forwarded from time to time to await our arrival at Kashmir, 
had accumulated in large quantities, we found great difficulty in procuring the necessary 
means of transport, though we divided our lngeage between three caravans and sent 
them off before us at several days’ interval from each other. 

During our stay, in October, the climate was mild and agreeable, the minimum, 
2° to 3° C. (35°6 to 3774 Fabr.); the maximum, 19° to 22° C. (662 to 71°6 Fahy). 
The season at the end of autumn is one of the finest in the world. In summer the 
heat is much greater than is generally supposed, though it is often interrupted 
by rains. 

In the annual distribution of rains, summer rains, decidedly prevail, coinciding 
with the period of the rainy season in the plains; but occasional falls occur in every 
month. Snow falls in the middle of winter only, and then lasts but for a short time. 

The climate of Kashmir is generally considered to be very healthy; but a year 
after our departure, in the summer of 1857, cholera raged to 4 fearful extent in its 


somewhat thickly populated districts. 


A, Hermann, Apotpur.—Southern route, vid Marri. 


1856. 
November 2nd, left Srinagger. November 12th to 16th, Marri. 
5th, Uri. 5 17th to Dec. 13th, Adolphe: Raulpindi. 
9 Sth, Hatti. ‘“ 17th to Dec. 18th, Hermann: Raulpindi. 
9th, Chikdar. 


B. Rosery.—Northern route, vid Mozdferabad. 


1856. ‘ 
November 2nd, left Srinagger. | November 10th to 12th, Moziferabad. 
4th, Naushéra. | 3 13th, Abottabad. 
8th, Hatian. ! ‘i 1Gth to December 18th, Raulpindi. 


Assistants: Mani and Nain Singh weut across the Piich pass by Thimali to Raulpindi. 


X. PANJAB TO CALCUTTA, WITH A VISIT TO CENTRAL NEPAL. 
It had been the intention of Adolphe and Robert to visit Nepal in the summer of 


oe . : . Ie 
1455. But not only was the permission for a regwar journey refused, but my (Hermann’s) 


ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 29 


first attempt, even, to proceed in the same year along the frontier between Sikkim and 
Nepal, resulted in being turned back by force.' 

, It was only after two years’ diplomatic negociations, very kindly entered into 
upon our behalf by the Governor General and Colonel Ramsay, British Resident in 
Kathmandu, that the Court of Nepal allowed me to visit a portion of its territories. 

Upon arriving at the frontier I had quite an official reception, and a guard of 
sepoys constituted themselves my constant companions, partly in the capacity of guides, 
but more especially for keeping watch upon my operations. No restriction, however, 
was placed upon the use of my instruments, and I was allowed to take measurements, 
and also to draw without let or hinderance, a privilege of which I availed myself by 
making drawings of the beautiful peaks of Central Nepal from different heights in the 
environs of Kathmandu. 

The Tarai, the unhealthy belt of forests and jungles at the foot of the Himalaya, 
was crossed on elephants, kindly provided by Major Holmes, who, to the great regret 
of his numerous friends, was killed a few months later in the Indian mutiny. 

‘The climate of thé valley of Kathmandu will hereafter be the object of a detailed 
treatment based on a most valuable series of observations taken at the Residency. 
These observations had their origin in Mr. H. B. Hodgson’s ardent love for science, and 
have been lately taken up again by the medical gentlemen attached to the Residency. 

Kathmandu has very warm summers, a well marked rainy season, and mild 
winters. Snow is exceedingly rare; but a few isolated occasions of its appearance 
are known, and then it fell in the night only, and disappeared with the earliest rays 


of the sun. 


23. Hrumann: 4. Piinjib and Hindostin to Nepal. 


As far as Ambala by palki dik, then to Patna by horse dak. 


% 15th, Ambala. 


1856-7. 
December 18th, left Raulpindi. ; January 18th, Aligarh. 
20th, Cinjrat. . 20th to 26th, Agra. 
7 27th to January 8th, Lahdr. | February 5th to 11th, Patna. 
January = 13th, Ludhiana. \ i 14th, Sigauli. 


' See p. 16. 
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B. Nepal. 
1857. 


February 14th, left Sigduli. March Ist, Kdéulea peak. 
ie 16th, Chiria Ghat. » 4th, Kathmandu. 
18th, Kathmandu. 

28th, Kakani peak. 


» 6th, Chandragiri pass. 
» 10th, Firfing. 
» 183th, Sigéuli. 


C. Bengal. 
Partly by palki, partly by horse dak. 


? 


1857. 
March 14th, left Sigauli. March 24th, Parisndéth peak. 
15th, Chapra. » 27th to April 22nd, Calcutta; left per 
19th to 22nd, Patna. steamer “Bengal”, for Europe. 


Assistants: Lieutenant Adams and draughtsman Abdul, after their return from Assim, left 
Calcutta per river steamer, March 10th, reached Patna, February 1st, travelling thence with Hermann. 

After the departure of Hermann to Kurope, Lieutenant Adams remained still attached to the 
Survey, for scientific observations, which he carried on successfully till March, 1858, chiefly in Bengal, 
Bahar, and the Rajmahal Hills. 


X. PANJAB TO BOMBAY, AND VISIT TO CEYLON. 


The greatest part of this journey might have been performed by water, viz. on 
the tributaries of the Indus as far as Multan, on the Indus itself from Multin to 
Karrachi, and by sea from Karrachi to Bombay. However, I (Robert) preferred to 
go by land as a mode of travelling better suited for the examination of the country. 
Before arriving at the Gulf of Kambay I had to march nearly 1500 miles, on horse- 
back almost all the way, except in Sindh, where I made use of camels. My caravan 
of baggage-camels had to be changed three times before I reached Bhij; subsequently, 
however, I engaged bullock carts. = 

There is no part in the plains of India which presents greater extremes of 
temperature than the Panjib. In winter it enjoys a cold season in the true sense of 
the word, the thermometer from November to the end of February scarcely rising above 
19° C. (66°2 Fahr.); in summer the heat, accompanied by fearful dust-storms and hot 


winds, is excessive. ‘The varieties of climate which I passed through on my route, 
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nearly due south, were most striking, the difference of temperature fully correspond- 
ing to a change produced by a descent of from 6000 to 7000 feet in the Himalaya. 

In Lower Sindh heavy fogs were not unfrequent. The sea breeze was felt nearly 
60 miles inland. In March, during my travels across the sterile delta of the Indus, 
in Kach, and Kattivar, the heat was very oppressive, and especially so in the close 


atmosphere of the tents. 


24. Ronrerr: A. Panjib and Sindh. 


1856-7, 

December 18th, left Raulpindi. January 22nd, Mithankot. 

Py 21st to 24th, salt mines at Kitra. ii 25th, Naushéra. 

3 27th to 29th, Shahpur. 5 30th to February 4th, Sakker. 
January ist, Jhang. February 9th, Nari. 

i 5th to 12th, Multan. 7 13th, Sévan. 

" 15th, Bhaulpur. és 19th, Manchar lake. 

‘s 20th, Khanpur. | FF 22nd to 29th, Karrachi. 


B. Kach and Gujrat. 


; 1857. 
March Ist, left Karrachi. ! March 19th, Gulf of Kach. 
3rd, Thatha (Tatta). « 21st and 22nd, Rajkot. 
» 9th and 10th, Lakhpit. April 2nd, Strat. 
«+ 15th and 16th, Bhaj. - 4th, Bombay, per steamer“ Lowjee 
Family”. 
C. Ceylon. 
1857. 
April 4th to 17th, Bombay. April 29th to 30th, Kandi. 
» 17th to 21st, Bombay to Galle, per May ard to 4th, Nurélia. 
steamer “Norna”. » 11th to 14th, Galle; left per steamer 
» 24th to 26th, Kolémbo. “Nubia”, for Europe. 


Mr. Monteiro accompanied Robert only so far as Pind Dédan Khan; from this place he took 
hoats, and went to Multan; thence by river steamer to Karrdchi, where he remained during the month 
of March. Arrived by steamer in Bombay, April 5th. During Robert's visit to the interior of Ceylon 
he remained at Gille. 
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XIE. RETURN TO EUROPE, VIA EGYPT. 


25. Hermann, Roperr: Overland route. 


A. Hermann. B. Rosert. 
1857. 
April 23rd, left Calcutta per steamer “Bengal”. May 14th, left Galle per steamer * Nubia”. 
» 26th, Madras, ‘ 23rd, Aden. 
May Ist to 4th, Galle, . 28th, Suez. 


13th, Aden, 
20th, Suez, 
. 22nd to 30th, Kairo, 


» 31st, left Kairo. 


June 2nd, Hermann and Robert left Alexandria per steamer “Bombay”, for Trieste. 
8th, arrived at Trieste. : 


XII. ADOLPHE’S LAST JOURNEYS. 


On the 17th December, 1856, at Raulpindi, we took leave of each other, and set 
out on separate routes. This was the last time we saw our unfortunate brother. 

His plans were, at one time, to go to Bombay by a more easterly route than 
Robert, after revisiting the fossiliferous outer ranges of the Himalaya. He determined, 
however, again to examine the Karakorim chain and to visit the Kuenlien and the 
countries to the north of it. 

The details of his last journeys, and their fatal termination, are given separately in 
No. IL. of the General Introductory Reports. 


26. Apo~pHE: Panjab and outer ranges of the Himalaya. 


1856-7. 
December 13th, left Raulpindi. February 1st to 5th, Kohat. 
ey 16th, Atak. i 10th to 14th, Kalabagh. 
December 18th to January 30th, Peshiur with % 16th, Musakel. 
excursions. i 23rd to 28th, Dera Ismael Khan. 
January 31st, visit to Dost Mohammad and en- Mareh 9th to 20th, Lahor. 
: virons of the Khaiber pass. April 5th to 20th, Kangra. 


In Peshdur he was invited to accompany Sir John Lawrence to Jéimrid, on his official interview 
with Dost Mohimmad, the ruler of Kabul. 


97. ApotpHe: Himalaya, Tibet, and Turkistan. 


The data for this journey are less precise than those for the preceding ones. 
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1857. 

April 20th, left Kangra. July Oth, crossed the Karakoram chain by 

May 5th, Sultanpur, Kulu. | the pass north of AksééChin, which 
i 


15th to 26th, Kardong, Lahdl. lies three marches south-east of the 


31st, Bara Lacha. pass. 


” 


Karakorim pass, by a new and 


” 


June 14th, Changchénmo, avoiding Leh, for entirely unfrequented road. 
greater facility of crossing in dis- 3 20th, crossed =the  Kuenlien. near 
guise the Tibetan frontier. A Karangolik. 


August Ist to 5th, environs of Yarkand, Shainla 
Khoja, Négsar. 
A Kokiar. 
During the} A Késseli. 
month of , A Chamelung. 
August, | Yangsar. 
Kashgar, where he was killed. 


XIV. ADOLPHE’'S ESTABLISHMENT. 


Before starting for Turkistan, Adolphe despatched the different parties of his 
establishment upon the following routes:— 

a) A party of plant collectors was discharged by him in Lahél and went via 
Kishtvar to Kashmir, thence to India. 

b) A second ‘party returned from Ladik, by Lahél and Kalu, to their native 
villages near Kangra. 

¢) The native doctor, Hirkishen, was left by Adolphe in Lahdl, and was ordered 
to visit at a later period Spiti, Kanaur, and Bissér. When, after some time, no news 
of Adolphe had reached him, he returned to Déra and Almora. 

After Adolphe’s death, his followers were partly dispersed; two of his chief 
servants some time afterwards communicated to us, amongst other information, the 
routes they had respectively taken after the sad catastrophe. As they had been for a 
long period in our service, as well as his, they had gained some experience in travel- 
ling, and were better able to define and give an account of their marches, than natives 


in general would have been able to do.' 


' It is well known that this was the same way in which, some years ago, valuable information was obtained 
hy Mir Izzet Ullah, a native servant af Moorcroft. of the same countries, first explored at a later period by our brother 


Adolphe and ourselves. - 
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28. Harkishen’s route. 


1857-8. 

May 31st to June 9th, glacier group round the| October 6th, Khalsi on the Jamna. 
southern flanks of the 11th to December 11th, Déra,in the Déra 
Bara Lacha pass. Dan. 

June 14th to July 25th, Kardong, the chief place | December 14th, Tiri, 3 _ 

Me ¢ : in Garhval. 
of Lahol and its environs. » 18th, Srindgger, 
August ‘11th to 21st, Trankar in Spiti. » 25th to March 2nd, Alméra. 
s 25th, Shalkar. March 5th, Srinigger, in Garhval. 
September 2nd, Nisang in Bissér. " 17th, Déra. 
7 3rd to 31st, down the Baspa valley, : 


along Pudri and across 
the Gunass pass. 


29. Route from Kashgar to Kékand, made by the guide Abdul, native of Peshaur, 


after our brother's death. 


Abdul, before proceeding on this journey, had been taken prisoner and sold as a 


slave. For details, see p. 62. 
1858, May to July. 


Kashgar. Kissilgorgan, 
_\ Karail,! Chinese post. station. Gulsha, Tents inhabited by 
Minggial, tents inhabited by Kablankal, Kirghises. 
Kirghises. Karvankal, 
_\ Khansuvalak. A Séukechuk. 
_\ Kargashimkane. A\ Madu. 
A Okhsalur. | Osh or Takht-i-Suliman. 
XX Yaskechik. Aravan, 
X\ [vin or Yérin. Tolmasar, 
A Ikisak, foot of Térek Devan.? ee and pe-F ‘Towns inhabited 


‘ , Margel6n,: rinogare 
across the Térek Devan 0 Margel6n, ,troloum apringsare 


Sofi, or Alsiige. 


A Archalik. Kékand 
c\ Supeneke. eared ‘ 


: hy Kokandis. 
in the environs, 


L 


Karat! Dipa, 


''The sign A indicates halting places, generally uninhabited. 
2 A pasa (Devan) east of it is called the Shert Devan, and is crossed hy the following road: 


4 Irin or Yérin. | Akhtash, foot of Shert Devan, in the Sayan Shan, 
A Tokai pashi. ' acroes the Shert Devan to A Kurokhkalla. 
a Cher kv tal. : a Sé6fi or Alsiige, and thence by the ordinary road 


é Yehallakarelin, to Kokand. 


ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 35 


30. K6ékand, vii Samarkand to Bokhara, by the guide Abdul. 
1858, July to end of September. 


K6ékand. ! Jisak, 

Lévi Deriau. Yakorgan, 
Ksékos. Khisbobrak. 
Khichand. Samarkand. 
Nau. | Karessu. 
Kisseli. Kategorgan. 
Uritpa. Karmina. 
Tsomum. Bokhara. 


Good road; inhabited places all the way. 


31. Bokhara, via Kundtz and Badakhshan to Kabul and Peshaur, by the guide 


Abdul. 
1859, end of September to December 15th. 
October, Bokhara. October, Khun. 
Kasan. November, Kunduz. 
Koshmugorak. % Faizabad, chief place of Badakhshan. 
Karchi. December Ist, Kabul. 
Balkh. » 10th, Jellalabad. 
Shahimardan. » 15th, Peshdur. 


32. Guide Mohammad Amjin’s previous journey from Osh to 'Tashkend, 1855. 

For completing the routes in Central Asia, we annex a very interesting route 
which was traversed by Mohammad Amin (our chief guide during our travels in 
Turkistin) in the summer of 1855, from Osh to Tashkend, the most northern 


military frontier post of Kokand, on the Russian frontier. 


Osh. AQ Toitipa. 
Kashgar Kshlak, village. c\ Biskat. 
Andishan, towns on the A Telau. 
Namaugan, Sir Deriau. c<\ Kirruma. 
-\ Taitak, foot of a pass in the \ Chikchik, j : ‘ 
Aye 2, , on the Sir Deriau. 
Kindirtaiu range. Tashkend, 


Z\ Ravate Abdillah Khan. 
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B. ESTABLISHMENT. 


We had been authorized by the Government of India to engage the establishment 
required for our mission immediately upon our arrival; and as the selection of the 
assistants, both as to number and qualifications, was entirely left to our own discretion, 
we found ourselves at liberty to engage those persons best suited for our purposes. 
Accordingly we found that, after sufficient training, we could entrust some of them, 
even in our absence, with magnetic and meteorological observations at fixed stations, 
corresponding with those made by ourselves during our journeys in the neighbouring 
countries. 

The assistant Lieutenant Adams and the draughtsman Abdul remained perma- 
nently attached to Hermann; the others used to travel, sometimes with one, some- 
times with the other of us; very often they were sent out on lateral routes, and 
even performed journeys of considerable extent by themselves. 

The ethnographical remarks, which we give about the tribes and the countries 
they belong to, may tend at the same time, we think, to a clearer apprehension of our 


general mode of travelling. 
I. OBSERVERS. 


1. Mr, afterwards Lizurrxanr ADAMS. 

This gentleman was engaged by Hermann, at Calcutta, and from March, 1855, 
was head assistant to him throughout lus travels. After Hermann’s departure to 
Europe, he continued still engaged with observations till March, 1858. 

In him we found a most talented and energetic coadjutor, who very materially 
contributed to the progress of our mission. His important journey in Upper Assam, 


as well as his observations in the Rajmahal Hills, are deserving of particular mention. 


2. Appovt, a Mussilmén from Madras, but of Hindu origin. 

This native held an appointment as draughtsman and assistant surveyor in the 
office of the Quarter Master General of that Presidency, who was kind enough to place 
him officially at our disposal in February, 1855. He became Hermann’s second 
assistant, and continued so till nearly the completion of the travels, when he died, 


at Calcutta. in April, 1857. 
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Abdul had travelled alone on several routes in Sikkim, made the boat voyage 
from Sikkim to Ass&m by an independent route (along the ‘Tista), and was attached 
to Lieutenant Adams during the latter’s examination of the Dihing. His death ix a 


subject of sincere regret to us. 


3. Hinxisnen, Brahman from Alméra in Kamaon (Himalaya). 

Before entering our service in April, 1855, he had been attached as a native 
doctor to the hospital at Alméra. He was our (Adolphe and Robert's) chief assistant, 
and rendered us important services by his zeal and diligence in general, as well as 
by the accuracy of his observations. He was also superintendent of our plant- 
collectors. He could write, but not speak, English, and labelled, in Hindostani and 
English, our ethnographical collections. 

During our travels in Turkistin, in 1856 (Hermann and Robert), he remained at. 
Leh in charge of our magnetic and meteorological observatory. In Raulpindi he again 
became attached to our late brother Adolphe’s establishment, and accompanied him as far 
as Lahol, when he was instructed to follow a separate route through Tibet and the Hima- 
Jaya. In the different provinces of these mountainons countries—where he spent nine 
months, from June, 1857, to March, 1858—he made a series of observations deserving 
of all praise. 

On all occasions we found him to be a very honest, trustworthy, and intelligent 
native. As a medical attendant he was also very valuable to us, from his knowledge of 


surgery and of the use of simple remedies. 


4. Mr. Danren, an Indo-Briton (Eurasian), accompanied us (Adolphe and Robert) 
only from Calcutta to Kamion and Garhval, between March and September, 1855. 


We discharged him at his own request. 


5. Enrazar, a guide in the Quarter Master General’s Department, of Bombay, 
was ordered to join us at the commencement of our journeys. 

This man was a Jew of the black tribe,’ which is known to have been settled 
for a long time in India. He was with us (Adolphe and Robert) till Robert's return 
to Europe, May, 1857. He acted as an excellent guide during our travels in India 
Proper, and even in the Himalaya we could safely entrust him with the superintendence 
of the transport of our instruments and collections. He was also frequently engaged 


' See: Ritter, Erdkunde von Asien. Vol. IV., p. 598. 
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with success in surveys of a less difficult character, and could read correctly the 


meteorological and minor surveying instruments. 


6. Saumdéna, from the same office as Eleazar, also a coloured Jew from Bombay, 
accompanied us from Pina as far as Madras; he then obtained leave to return round 


Ceylon to Bombay. 


7. Ramcudnp, a Hindu minshi from Peshdur, seems to have been but a short 


time with Adolphe, who took him into his service at that place, about the end of 
December, 1857. 


8. Moudmmap HAssan, was a native of Lahdér or Peshaur, whom Adolphe 
had engaged as a miimshi nearly at the same time with Ramchand. He could write 
English, Hindostani, and Persian, and doubtless proved useful on many occasions, though 
his character must certainly be considered as a questionable one. He travelled with 
Adolphe as far as the frontier of Turkistén, where he treacherously left him, just 
at a time when our brother was in a most precarious situation. Several witnesses 


stated that he took with him one of Adolphe’s horses. (See p. 48 and p. 60.) 


I. INTERPRETERS. 


During our travels in Tibet and Turkistén, and also in some parts of Sikkim, 
we had to engage different men, who knew Hindostani as well as the languages of 
the countries which we were traversing. Besides filling their office as interpreters, they 
occasionally gave us valuable geographical information about the countries bordering 
upon our line of route, and proved of great use in our linguistic inquiries about 


dialects and geographical names. 


9. MAnr (full name Man Singh), a Bhot-Rajpit, the member of an influential 
and wealthy family from Johar, in northern Kamaon (Himalaya), was charged, during 
two summers, with the difficult arrangements of our travels in Tibet, during which 
he proved of the most essential service to us by his excellent behaviour. He 
was the only one of our establishment whom we trusted sufficiently to take with 
us to Turkistan. Mani is also well known as a faithful servant to the British 
Government, who have made him the Patvdri, or head man, of Johar, a district of 


Kamaon. 


e 
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His father, Dévi Singh, who is still alive, was the companion of Moorcroft, in 
1812; and he himself had once been engaged by the Stracheys, during their travels 
in Tibet. 

10. Dénra, Mani’s cousin, a subordinate attendant during our travels in Gnari 


Khorsum, was made, by Adolphe, his interpreter and chief guide for Balti. He was 


rather a rough kind of man, but full of courage, energy, and devotedness. 


11. Nar Srxcu, another relative of Mani, a well disposed and _ intelligent 
native, went with us (Hermann and Robert) to Ladik, in 1856. He took a great 
interest in our operations, and though at first unacquainted with instruments was soon 
taught their use, as he showed a very great desire to be able to read off the scales 
and write the readings in Wnglish numbers. He could also read and write Tibetan. 
During our travels in Turkistin he remained at Leh, where he acted as assistant to 
Hirkishen. 

We had proposed, and with apparent acquiescence on his part, to take him with 
us to Europe; but, like all hill men, he was too much attached to his native mountains 
to bring himself to leave them, and he unexpectedly went away from us at Raulpindi, 
leaving behind a long letter of apologies. 

12. Mondmmap Amin, a rather aged Turkistani, from Yarkand, rendered us 
most faithful and important services during our expedition to Turkistan. He had 
formerly carried on extensive trading operations between Tibet and the Russian 
frontier, which seemed to have brought him into great trouble with the Chinese 
Government. 

His manner of treating the natives, and the cordial reception every where given 
to hun, plainly showed that amongst his countrymen he was a well known personage. 
and considered as a man of great. respectability and influence. It is principally owing 
to his excellent arrangements, carried on under difficulties which seemed at first 
insurmountable, that we found it possible to penetrate to the north of the Kuenlten. 

He was also Adolphe’s chief guide during his last and fatal journey to Yarkand 
and Kashgar. As far as we are able to judge, no blame whatever can be attached 
to him in connection with the murder of our brother. 

Few persons have travelled more in the western part of Central Asia, or are 


hetter acquainted with the different routes of that region, than Mohammad Anin. - 


e 
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13. Maxsu6a, an Indian Mussalmén from Déhli, who had been settled for a long 
time in Ladik, was our Turkish interpreter in Turkistén, as Mohdimmad Amin: knew 
no Hindostini and very little Tibetan, and Mani was acquainted with Tibetan and 
Hindostani only. : 

Makshut was decidedly wanting in energy; so much so, that when difficulties, 
physical or political, arose, he would try bis utmost to induce us to return. This, 
however, must in some measure be excused on the score of his delicate health, which 


rendered him incapable of bearing up against the fatigues and hardships of the 


journey. 


14. Cuta1, a Lépcha from Tassidingin, in the Sikkim Himalaya, afterwards a 
settler in British Sikkim, was originally engaged as a plant collector; but he soon 
distinguished himself so well that I (Hermann) made him my chief interpreter for 
Bhitia and Lépcha. He was with me a whole year, and from Assdin accompanied 
me to Bhutan, where again he was most useful in my interview with the head Lana 
of Narigin. When sent forward with two Bhitia companions towards Tauong, how- 
ever, he did not succeed in making more than a few marches. 


s 


I. COLLECTORS. 


The number of the people employed for assisting in the collection of natural 
history varied much according to circumstances. A few only were attached to our 
establishment at a fixed salary; but we occasionally engaged a greater number, when 
we remained a longer time than usual in one place. 

In general we met with great difficulties in bringing together the number of 
people required. Prejudices of, caste, real and fictitious. and the want of energy, 
which is so general a characteristic of the natives of India, obliged us to make 
frequent. changes; at a later period of our travels, however, we succeeded in making 
a fair selection of the most active and intelligent amongst them, and some, as mentioned 


below, remained with us a considerable time, and worked very well. 


15. Mr. Mowrerro, an Indo-Portuguese, of Calcutta, was general superintendent 
of the collectors, besides having the special charge of the zoological collections. 
As far as possible, we always arranged for him to remain stationary at those places 


where we could send him down materials to be worked. He knew his business thoroughly, 
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and always evinced great activity. He entered our establishment in April, 1855, and 
was engaged on the zoological preparations a year after our departure from India. 

16. 17. DAstone, a Bhiitia, who had formerly travelled with Dr. Hooker, and 

Crdci, a Lépcha, who went with Hermann over Assim and Bhutan to Calcutta, 
wete plant collectors. Dablong died 1857. 

18 to 22. Amongst the people engaged by Adolphe and Robert for longer 
periods of time, between 1855 and 1857, we especially name, as having been very 
useful and active persons, the shooters, : = 

Luar and Jondr Srycu, from Alméra in Kamaon and the plant collectors, 

Krisuna and Monon Sincu, from the same place, and Stxua, from Gvalior in 
Bandelkhand. 


IV. SERVANTS. 


Tor completing the sketch of the establishment which accompanied us, we add 
yet a few words more about the servants. We will not go into detail wpon what 
has been already so often described, and is so well known in England, as to the 
great number of personal and office servants required in an Indian establishment. 

In a fixed residency, a numerous retinue is not inconvenient, as the wages are 
pretty low, but when travelling in mountainous districts, or thinly inhabited countries, 
it becomes a matter of serious importance, on account of the difficulty of moving with 
large bodies of people. 

We made many attempts, with but partial success, to get our servants to do a 
greater amount and variety of work for a higher rate of wages, and thus reduce 
their number. It was impossible, however, to do with less than eight or ten in India 
Proper, since many more servants are absolutely necessary for the Indian mode of 
travelling than are ordinarily required in Europe: such as Kalassis (or Laskars), for 
tent pitching; Bhistis, for fetching water; Ghasvalas, for cutting grass; Saises, for 
attending to the horses; Chaprassis (or Piins), for procuring supplies; Chaukedars, for 
guarding the camp at night; Dhdébis, for washing, &c. 

As one instance, connected with caste, which seriously interferes with work, we 
may mention that nearly every one of our establishment thought it necessary to pre- 
pare his own food, a process which materially reduced the time available for our 
purposes in the case of nearly every one of the attendants. 


I. 6 
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In the Himalaya, where the native races, particularly those of the higher valleys, 
are not so prejudiced and much more active, we were enabled to get on with 
comparatively few men, especially where we could procure horses or yaks (bos 
grunniens) for the transport of our luggage. When we travelled in disguise we messed 
together with the people of our caravan, who were on such expeditions always very 
few in nunber. 

On one occasion our camp presented a most interesting variety of tribes and 
creeds, and for the time being might almost be said to form an ethnographical museum 
ot living specimens. This happened upon our return from separate travels in different 
parts, when we all three met at Kashmir with our several establishments charged 
with one summer’s collections. Besides the many divisions of Indian castes, the following 
religions were represented: Christians, Mr. Monteiro, and one native Christian, a laskar 
from Madura, in Southern India; Hindus from different parts of India and the Himé- 
laya, Buddhists from Tibet; Mussalman ‘Ttrks from Yarkand, and Mussilmans from 
India and Balti; a Jew (Eleazar), and a Parsi (fire-worshipper), both from Bombay. 
The languages spoken by these natives were, Hindostani, Bengali, Guzerati, Maharati, 
Panjabi, Kashmiri, Persian, Tibetan, Turkish, and Portuguese and English. 

Of all our private servants we here name only the Parsi, DuAmss, who was 
Hermann’s chief servant. Dhamji was the only one who remained with us from the 
beginning to the end of our travels, and was absent during those expeditions only when 
we were obliged to travel in disguise. A few months after my (Hermann’s) departure 
to Kurope, he nearly lost his life, and was severely wounded, in attempting to give 
assistance to Europeans at the fearful massacre at Kanhpur (Cawnpore). He proved an 
excellent butler, honest and trustworthy in all the various transactions with which he 
was charged, and distinguished himself by the care which he always took to maintain 


a general friendly spirit in the camp. 


Il. LAST JOURNEYS AND DEATH OF OUR BROTHER ADOLPHE. 


1. Verbal statement of the native doctor Harkishen. 2. Statement made by Bhiitias from Johar. 3. Information 
contained in the Delhi Gazette, and general remarks of Capt. Strachey. 4. Report from Mani and Nain Singh. 
5. Verbal Statement of Kittah Ali Shah from Yarkand. 6. Statement of Gosht Mohammad, one of Adolphe’s 
servants. 7. Letter from Mr. Vardouguine, Russian Consul at Chiguchak. 8. Second report from Mr. Vardouguine, 
forwarded to Baron Budberg by Mr. George Kowalewski. 9. Letter to R. Temple, Esq., Secretary to the Chief 
Commissioner of the Pinjab. 10. Verbal statement given by the Kashmiri, Abdullah, an attendant on Adolphe. 
11. Letter from Mohammad Amin of Yarkand to Colonel Edwardes. 12. Concluding remarks. 


Ws have to fulfil the melancholy duty of presenting here in a collected form 
the reports in reference to the unhappy fate of our beloved brother Adolphe. He fell 
a victim to his scientific zeal at Kashgar, in Turkistan, August, 1857. In him we 
lost a dear brother, in the prime of his youth' and activity, a companion in travels, 
the recollection of which, notwithstanding all hardships and difficulties, would be a 
cheerful one, if it were not also connected with.this sad event. The numerous friends 
he found wherever he passed will know how to appreciate our loss. 

The important share which he took in all our scientific and artistic labours 
will be apparent in the course of these publications, and prove the most lasting 
memorial that can be erected in order to preserve his name. 

The various reports which we- received from India and Russia, collected from 
natives by European officers of the adjoining districts, do not all agree as to the 
immediate cause and particulars of his death; yet it is evident from all of them that 
the political condition of these countries, and the circumstance of the deceased's being 
recognized as an officer of the Indian Government, in spite of every precaution he 


took, essentially contributed to his tragic end. Even with the lively svmpathy always 


' He was born at Munich, the 9th January, 1829. 


6? 
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so energetically evinced by England for the fate of scientific travellers, it will scarcely 
be possible to succeed in bringing the murderers of our brother to account. Ac- 
cording to some reports, he perished through taking up the cause of some captive 
Bhot-Rajpits, British subjects, and from using his influence to prevent them from 
being put to death, or sold as slaves. Other accounts state the immediate cause of 
his death to have been, that he was recognised as a European by some fanatic Mussal- 
mans, and put to death by their hands. 

Many very important geographical communications have been made to us by his 
followers, and we are not without hope that, from the active sympathy which the 
Indian government has always displayed in our scientific mission to India and High 
Asia, no efforts will be left untried which may tend to the recovery of the papers that 
were in his possession at the time of his death. Up to the present time, March, 
1860, we have, however, only received a parcel of his drawings, but no letters and no 
manuscripts. 

We owe the reports’ respecting the fate of our brother Adolphe to the exertions 
of the following gentlemen: 

I. Captain Henry Strachey, 66th Gérkhas, of Alméra (Himalaya), who, in conse- 
quence of his scientific journeys in the Himalaya, and in Western ‘Tibet, was in a 
position to select the persons on whose reports the most reliance could be placed, and 
was thus enabled critically to elucidate their statements, as he has done with the greatest 
attention.” 

TI. G. Knox, Esq., and Sir Alexander Lawrence, Assistant Commissioners of Kila 
and Kangra (Himalaya). 

Mr. Knox found an opportunity of making inquiries of the Yarkandi, Kattah 
Ali Shah, at Nagger, a place at a very great distance trom Yarkand; Sir Alexander 
was also fortunate in obtaining information from a servant of our late brother. 

I. Mr. Vardouguine, Russian Consul at Chiguchack (Central Asia), whose reports 


we have received through the kind offices of Baron Budberg at Berlin. Notwithstanding 


' We had already printed these reports for private distribution in May, 1859. 

2 The reports collected by Captain Strachey were communicated by him to the Asiatic Society of Bengal, and 
are printed in No. IV., 1858, pp. 374 to 388, and in No. II, 1859, pp. 166 to 170, of the Asiatic Society’s Journal. 
A part of these reports is also contained in the Proceedings of the Royal Geographical Society, London, 1838-9, Vol. IL, 
pp. 144 and 172. 
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the distance, these reports have reached us in a remarkably short time, a circumstance 
tor which we are indebted to the active sympathy of Prince Gortschakoff. 

IV. Juieutenant Colonel Edwardes, €.B., in whom Adolphe, when at Peshaur, 
had already found a warm friend. his energetic officer, by making use of the influence 
of his important political position, has recently been cxerting himself to the utmost 
to obtain the latest definite information relating to our ill fated brother. 

In addition to the above, we had repeatedly received general accounts of Adolphe, 
accompanied with expressions of the most cordial sympathy, both through the medium of 
the Indian press, and also from the private communications of the following gentlemen: 

The Rev. H. Jiaschke, Missionary at Uahdl (Himalaya), 

A. ©. Gumpert, Esq., Consul for Hamburg and Oldenburg at Bombay, and 
KF. Schiller, Esq., Austrian Consul at Calcutta, 

Lord Elphinstone, Lord W. Hay, Major Ramsay, the Hon. W. Elliot, K. Bowring, 
Esq., Private Secretary to Lord Canning, W. Russell, Esq., Correspondent of the Zimes 
during the Indian rebellion, and others. 

We have further to acknowledge the important assistance we have received, in 
collecting information respecting our deceased brother, from Lord Stanley, Colonel 
Sykes, and Sir Roderick Murchison, in England, and from our kind and venerable 
friend, the late Baron Humboldt. 

Our own observations are included in brackets, [ ], and are also given in foot notes. 


The verbal statements of native witnesses are distinguished by inverted commas. “ ~ 


1. REPORTS COLLECTED BY CAPTAIN HENRY STRACHEY. 


1. VerpaL Sratemenr or Tue native Docror Harxisuen.' Aumdéra, Aucustr, 1858. 


“Adolphe Schlagintweit crossed the Bara Licha pass from Darche, in Lahél, into 
“Ritpchu, a province of Ladaik, i. ¢, from India to Tibet, on the 31st of May, 1857. 


“taking with him: 


' For detail about the persons here mentioned, see the general list. of our establishment, given as an Appendix 
to the Itinerary, p. 36. 

In consequence of our giving the statements of the native witnesses literally and almost without any alteration 
we could not of course avoid the occasional repetition of the expressions of the deponents, nor the opinions that 
they gave of the character of the attendants of Adolphe. 


A reference to the general list of our establishment will, however, show discrepancies existing letween their 
opinions and ours. 
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“1. Mohammad Amin, native of Yarkand, chief guide, 

“2. A Yahudi (Jew), engaged as second guide, 

“3. Mohammad Hassan, of Peshaur, minshi, 

- Abdul, ob ss eehinir domestic uate &e. 

“5, Ghost Mohammad, of Muradabad,\ a eh 

“6. Murli, of Bhagsu in Kangra, oes 
| chaprassis. 

“7, Maula Baksh, of Muradabad, and others 

“The first of these, Mohammad Amin, was a person of questionable antecedents, 
“nominally a merchant, trading between Yarkand and Leh, but said also to have 
“acted in the capacity of a gang-robber on the road between those places. 

“Being at Leh, in 1856, he was arrested by the Dogra thanadir, Basti Ram, for 
“debt, at the suit of sundry merchants, or for other reasons, and released on the 
“application of Hermann and Robert de Schlagintweit, who engaged him to act as 
“puide for their journey towards Khotan, in the summer of that year, the account 
“of which is on record.’ On their return to India, in the autumn, he was discharged, 
‘and remained at Leh, where he soon got into trouble again with the Dogra Government. 

“Some say that the agents of the Chinese Government in Yarkand having heard 
“of his bringing European travellers across their frontier (which is high treason in 
“their code), offered a reward of 1000 rupis for his apprehension, and perhaps coerced 
“some of the Kashmiri residents at Yarkand to work upon their friends in Ladak 
“and Kashmir for the same object, which Gulab Singh and Basti Ram possibly also 
“turned to a mercantile transaction. 

“However this may be, Gulab Singh having ordered his arrest and threatened 
“to hang him soon after the Schlagintweits’ (Hermann and Robert's) departure, he fled 
“from Ladak into Kulu, where Adolphe found him, at Sultanpur, in April, 1857. 

“There had possibly been some previous arrangement between them. Any way, 
“he was again entertained as interpreter, guide, and baggage master for another 
“journey into Turkistan. 

“As a specimen of his veracity, it may be mentioned that he informed me that he 
“was to have a monthly salary of 2000 rupis whilst travelling with Mr. Schlagintweit, 


“and a monthly pension of 1000 rupis after he had brought him back safe to India. 


' Harkishen alludes (o our official Report, No. & Agra, Secundra Orphan Press, 1856: see p. 7, 
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“Major Hay, Assistant Commissioner of Kilu, probably knows more of Mohammad 
* Amin’s history.” 

[So far Harkishen. We have already given our very favourable opinion about 
Mohammad Amin at p. 39. 

The name of the Yahidi, the Jew, mentioned as the second guide, was not known 
to Harkishen. This is not so surprising as it may appear. It sometimes happens, 
that natives go only by the name of their caste or their native place. ‘The name of 
the Yahudi is Murad; he is a native of Bokhéra. We saw him first in Ladak, after 
our return from Turkistén, when he gave us much valuable information about the 
various routes in Central Asia, and have always found him to be a very trustworthy, 
respectable native. 

Harkishen says about him:] “He was commonly called ‘Yalnidi’, i e. ‘the Jew’, 
“was a native of Yarkand and dependent of Mohammad Amin: they had some baggage 
“ponies with them, and four Turkish grooms or baggage-men, all of whom were en- 
“oaoed for the journey. The third man, Mohammad Hassan, of Peshaur, was engaged 
‘by my master as a miimshi, when he was at that place, in December, 1856, and he 


“assisted him also in scientific observations and accounts.” 


[To this statement of Harkishen, Captain Strachey adds:] The last. documentary 
evidence of Adolphe's movements written by himself is a letter to Harkishen, dated from 
Changchénmo, in Ladak, June 14th, 1857, a postscript to the same, stating that it was 
not sent till the 24th inst. and one or two notes for sundry payments of money, of the 
latter date. ‘The letter consists chiefly of instructions to Harkishen, and of himself 
Adolphe only says: “I am quite well, and at present all things seem to go on pretty right.” 
but as it also mentions two dak parcels, one for Lieutenant Charles Hall (Assistant 
Commissioner of Bhigsu), sent by the same dispatch for transmission to Kangra, I think 
other persons may have no doubt received letters from him, and also particulars of 
his history up to that time. 

[But no letter has as yet reached us. The Rev. H. Jischke also. missionary at Lahdl, 
who about the same time received letters from our brother (copies of which he had 
the kindness to send us), could not give us any‘other information about his later 


movements. | 
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These letters to Jiischke and Harkishen were brought from Ladak by the chaprassis, 
Mihi and Maula Baksh (Nos. 6 and 7 of the above list), who joined Harkishen at Kér- 
dong, in Lahdl, on the 20th of July, 1857. 

It appeared from the statement of these men (made to Harkishen) that, “before 
“they left Adolphe, the minshi, Mohimmad Hassan, had gone off, taking with him 
“one of his master’s (or Mohimmad Amin’s) horses, some little money, and other 
“articles belonging to Adolphe. The chaprassis were directed to overtake him if 
“they could, recover the property, and make it over to Harkishen in Kilu. This 
“they succeeded in doing, but left the minshi himself in Lad&k, whence he probably 
“made his way to Kashmir and Peshaur.” He gave them a letter for his master, 
which they brought to Harkishen, and which is still extant among his papers, written in 
pencil in broken English, excusing his sudden departure on the score of inability to 
endure the hardship of such a journey any longer, and admitting a balance of 72 rupis, 
of which he gave the chaprassis the account, but did not pay the money. 

[This letter we now have in our possession.] 

It must be observed that Adolphe makes no allusion to all this in his letter to 
Havrkishen; from which it may perhaps be inferred, that he did not attach much im- 
portance to the minshi’s desertion. 

Harkishen, when at Déra, in November, 1857, gathered from Captain Mont- 
gomerie, an officer of the Great Trigonometrical Survey, and his native doctor, that 
they had been in Ladak during the past summer, and that Adolphe had left Leh' 
or its environs before their arrival there, and that they knew nothing more of him. 

From the locality of Adolphe’s last dispatch, Changchénmo, at the north-east 
end of Ladak, I [Captain Strachey] infer that he crossed the Turkish watershed to 
the east of the Karakoram pass, properly speaking perhaps to Stiget, thence following 
approximatively the route taken by his brothers the year before, towards Kilian and 
Khotan. It appears that he had laid in a stock of merchandize in India, with the 
view of facilitating his journey by trade, or the appearance of it. 

[We also carried with us merchandize instead of money, chiefly rich Indian cloth, 


silks. &c.] 


' Adolphe had not been in Leh duving this journey. 
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2. Searement mapE By Badrias, rrom Joudn. Axtména, Auauat, 1858. 


From the Bhitias of Johar, who obtained their information from Kashmiris of Ladak 
at the fair in the autumn of 1857, I [Capt. Strachey] have heard, that Adolphe had 
succeeded in reaching the margin of the inhabited country at the foot of the mountains 
north of the Kuenlien. “There,” they said, “he went out from his camp some way 
“tg reconnoitre, and in his absence the mtinshi Mohimmad Hassan absconded, with most 
“of the baggage and cattle,' towards Yarkand. Adolphe Schlagintweit, being left helpless, 
“sent back some of the Lad4ki baggage men he had brought with him with a letter 
“or message to the thanaddr of Leh, requesting him to send assistance in men, cattle, 
“provisions, and money.” Whether for the purpose of continuing his attempt to pene- 
trate into Turkistin, or merely to return to Laddék with less hardship, does not 
appear. 

When his messengers arrived at Leh, they found Basti Ram’s son in authority 
there, the thanadir himself being away in Kashmir. The son is said to have 
refused the required assistance. More probably, he was too silly and timid to 
act upon his own responsibility, and referred for instructions to his father, or Gulab 


Singh the Rajah of Kashmir, at the expense of great delay and danger to Adolphe. 


3. InroRMATION CONTAINED IN THE “Dent GAZETTE”, AND GENERAL REMARKS OF 


Captain Srracaey. Summer, 1858. 


The following accounts are derived from letters, which were published during 
the summer of 1858 in the Dehli Gazette, from a correspondent of that paper, apparently 
at Simla, and obtaining his information from merchant travellers from Ladak. 

From these letters it may be gathered that Adolphe passed the winter of 1857-8 
at. the foot of the mountains [of the Kuenlten] on the border of Khotan, on this 
side of the Chinese outposts, among the same tribe of shepherds, perhaps, who 
gave his brothers a friendly reception the year before. On his arrival there the 
provinces of Kashgar and Yarkand were in a very disturbed state, in consequence of 
one of those invasions of the Turks from K6kand which have been recurring 


periodically every ten or twenty years during the past century. 


‘ Besides the animals of burden, such as horses and yaks, travellers in these regions are always obliged to take 


with them a living stock of sheep, goats, &c. for their support. 
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These letters to Jiischke and Harkishen were brought from Ladak by the chaprassis, 
Muli and Maula Baksh (Nos. 6 and 7 of the above list), who joined Harkishen at Kar- 
dong, in Lahdl, on the 20th of July, 1857. 

It appeared from the statement of these men (made to Harkishen) that, “before 
“they left Adolphe, the mimshi, Mohammad Hassan, had gone off, taking with him 
‘one of his master’s (or Mohimmad Amin’s) horses, some little money, and other 
“articles belonging to Adolphe. ‘The chaprassis were directed to overtake him if 
“they could, recover the property, and make it over to Harkishen in Kulu. This 
“they succeeded in doing, but left the munshi himself in Ladak, whence he probably 
“made his way to Kashmir and Peshaur.”. He gave them a letter for his master, 
which they brought to Harkishen, and which is still extant among his papers, written in 
pencil in broken English, excusing his sudden departure on the score of inability to 
endure the hardship of such a journey any longer, and admitting a balance of 72 rupis, 
of which he gave the chaprassis the account, but did not pay the money. 

[This letter we now have in our possession.] 

It must be observed that Adolphe makes no allusion to all this in his letter to 
Harkishen; from which it may perhaps be inferred, that he did not attach much im- 
portance to the miunshi’s desertion. 

Harkishen, when at Déra, in November, 1857, gathered from Captain Mont- 
gomerie, an officer of the Great Trigonometrical Survey, and his native doctor, that 
they had been in Laddk during the past summer, and that Adolphe had left Leh’ 
or its environs before their arrival there, and that they knew nothing more of him. 

From the locality of Adolphe’s last dispatch, Changchénmo, at the north-east 
end of Ladak, I [Captain Strachey] infer that he crossed the Turkish watershed to 
the east of the Karakorum pass, properly speaking perhaps to Siget, thence following 
approximatively the route taken by his brothers the year before, towards Kilian and 
Khotan. It appears that he had laid in a stock of merchandize in India, with the 
view of facilitating his journey by trade, or the appearance of it. 

[We also carried with us merchandize instead of money, chiefly rich Indian cloth, 


silks. &e.] 


' Adolphe had not heen in Leh during this journey. 
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2. Srarement MADE BY Butrias, rrom Jondn. AuMdéna, Aucust, 1858. 


From the Bhutias of Johar, who obtained their information from Kashmiris of Ladak 
at the fair in the autumn of 1857, I [Capt. Strachey] have heard, that Adolphe had 
succeeded in reaching the margin of the inhabited country at the foot of the mountains 
north of the Kuenlien. “There,” they said, “he went out from his camp some way 
“to reconnoitre, and in his absence the mttnshi Mchimmad Hassan absconded, with most 
“of the baggage and cattle,’ towards Yarkand. Adolphe Schlagintweit, being left helpless, 
“sent back some of the Ladéki baggage men he had brought with him with a letter 
“or message to the thanaddr of Leh, requesting him to send assistance in men, cattle, 
“provisions, and money.” Whether for the purpose of continuing his attempt to pene- 
trate into Turkistan, or merely to return to Ladak with less hardship, does not 
appear. 

When his messengers arrived at Leh, they found Basti Ram’s son in authority 
there, the thanadar himself being away in Kashmir. ‘The son is said to have 
refused the required assistance. More probably, he was too silly and timid to 
act upon his own responsibility, and referred for instructions to his father, or Gulab 


Singh the Rajah of Kashmir, at the expense of great delay and danger to Adolphe. 


3. INFORMATION CONTAINED IN THE “Deni Gazette”, AND GenenaL REMARKS oF 


Captain SrracHey. Summer, 1858. 


The following accounts are derived from letters, which were published during 
the summer of 1858 in the Dehli Gazette, from a correspondent of that paper, apparently 
at Simla, and obtaining his information from merchant travellers from Ladak. 

From these letters it may be gathered that Adolphe passed the winter of 1857-8 
at the foot of the mountains [of the Kuenlien] on the border of Khotan, on this 
side of the Chinese outposts, among the same tribe of shepherds, perhaps, who 
gave lis brothers a friendly reception the year before. On his arrival there the 
provinces of Kashgar and Yarkand were in a very disturbed state, in consequence of 
one of those invasious of the Turks from K6okand which have been recurring 


periodically every ten or twenty years during the past century. 


' Besides the animals of burden, such as horses and yaks, travellers in these regions are always obliged to take 


with them a living stock of sheep, goats, &e. for their support. 
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On these occasions, the foreign invaders being joined by the Turks of the country, 
they usually succeed in driving the Chinese garrisons into their forts and subverting their 
government for a time, till reinforcements. come from the Chinese provinces further 
east, when the rabble of Turks soon becomes disorganized, the Kokandis retire to their 
own country, and the people of Yarkand and Kashgar are left to settle their own 
accounts with the Chinese, which is sometimes done by wholesale massacres of the Turks 
of those cities. 

The invaders are commonly headed by one of the Khojahs of Andishaén,! a family 
who ruled at Kashgar before the Chinese conquest, about 100 years ago, and who 
still aspire to the recovery of their foriner dominions. 

An unsuccessfid invasion and rebellion of the Turks, as here described, occurred 
when I (Captain Strachey) was in Ladak in 1847-8. On the present occasion the result 
is said to have been the same. 

So long as the Chinese were in the ascendant, Adolphe Schlagintweit would have 
had little chance of penetrating the inhabited country to so great a distance, as they 
have outposts on all the roads across their frontier, and from the rarity of population 
and traffic, individuals are easily marked, and moreover he would hardly have 
been able to disguise himself enough to bear scrutiny. 

A European traveller attempting to pass any of these outposts would probably 
be stopped and turned back, and extra precautions taken against him all along the 
frontier, but if detected after penetrating the inhabited country to any distance he 
would more probably be murdered. 

The English and Kokandis are, generally speaking, in no hostile relations, and 
from his brothers’ and his own successful antecedents in the Yarkand country, Adolphe 
might possibly have met with a friendly reception there. On the other hand, the 
Kokandis, as is usual with the Turks of this country, are on bad terms with all their 
neighbours, including the Russians, who are steadily encroaching on their north-west 
frontier. All this again would have added to his difficulties in getting away from 


their country. 


' Andishan is a large lown to the cast of Kokand; its connection with other places is given p. 35, route 32. 
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4. Reports or MAnt anv Nacy Sincu. Armdéna, January, 1859. 


Mani and Nain Singh, from Milum in Johar, had left Adolphe at Peshaur, in 
January, 1857, and had returned to their own country during the next three months, 
making a few observations by the way. After this they had no further com- 
munication with him, except by a message sent in March, 1857, through me, which 
requested Mani to join Adolphe again either at Kangra, in April, or later in TLadak. 
This, however, Mani did not attempt. 

Going as usual to the Gartok fair in the summer of 1857, Mani heard only 
some vague reports about Adolphe from traders of Ladak, the substance of which is 
already given (see No. 2, p. 49). 

In September, 1858, Mani, being again at the Gartok fair, obtained some further 
information about Adolphe, chiefly from Nuvpur, a native of Sanam in Kanaur, trading 
to Ladik and Yarkand. ‘This person was himself at Yarkand in 1857. Nurpur 
said: “When Adolphe Schlagintweit arrived in that quarter, the Turks of Kokand 
“were already at or near the city. He himself did not enter the town, but his chief 
“onide, Mohammad Amin,’ did so, and left it again, either before, or during the siege. 
“though under what relations with his own master or the insurgent Turks is not 
“known to me. 

“As the siege continued and the Chinese were shut up in their citadel, they 
“obliged the inhabitants of the pluce to take part in the fighting, and also a lot of 
“foreign merchants, including about forty five of the Bisséris, of whom fifteen only 
“returned, { (Nirpur) being one of them, the rest were either killed or made prisoners 
“by the Turks. 

“After the siege was raised, I heard that the Sahib (Adolphe) had joined the 
“camp of the Turks, and had been at first well received by them; on their retreat 
“towards Koékand, he accompanied them as far as Kashgar. As the hordes of Turks 
“were carrying off with them a lot of their prisoners, to be kept or sold for slaves 
“(according to their custom) some of the Bisséris? being among the number, the 
“Salnib tried to assist them, remonstrated that they were British subjects and should 


‘ According to the more probable information of Abdul (see No. 10, p. 61), it was not Mohéminad Ainin, but 


Murad, who entered the cily lo get information. 


* We had travelled a great deal in the country of the Bisséris. 
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‘be released. On this arose a dispute: the Turks accused him of taking part with 
“their enemies, and ended by killing him.” 

Mani also said that Nurpur had certificates from the Chinese authorities of 
Yarkand, testifying his services in the siege, and promising him some reward at a 
future opportunity. 

The above account of the Bisséri, Nurpur, was epakenied by Omar, an Argou' of 


Ladak, who had received letters from his friends at Yarkand to the same effect. 


I. INFORMATION RECEIVED FROM G. KNOX, ESQ., ASSISTANT COMMISSIONER OF KULU, 
AND FROM SIR ALEXANDER LAWRENCE, ASSISTANT COMMISSIONER OF KANGRA. 


5. Verpat Statement or Kirran Aut Suan, rrom YARKAND. Examtnep ar NiccrEr 


In Ktxv, Sepremper 287TH, 1858.’ 


“Last year in the month of Sévan (July, 1857), viz. 14 months ago, the Andishanis 
“came to Yarkand to fight with the Chinese, and I went to Kargalik, two days’ journey 
“south of Yarkand. The Andishinis took me and all the Panjabis, Kabulis, Kashmiris 
“and Hindostanis, in all some 40 or 50 persons, prisoners; at that time two Andishanis 
“and a munshi were accompanying a Sahib who was coming from the Ladak side; 
“these three men ran away with the Salib’s property and came to Kargalik; there 
“they stopped in the house of one Kurban, and they said to him: ‘We have some 
“property for sale, do you take it?’ When he had sent for the property and examined 
“it, he found it to consist of 12 or 14 yards of valuable embroidered cloth, a quantity 
“of ordinary cloth and some other property also, but I did not see it with my own 
“eyes. Kurban having seen the things, went and reported the fact to Haji Misser, 
“Kardar of the Andishinis, saying that these men were poor and had nothing of their 
“own, and that they must have robbed somebody of this. Haji Misser sent for them 
“and intimidated them, questioning as to where they got the property, and whose 


“it was, 


' Argon is the name of the mixed races of Yarkandis and Ladakis. 
1 In this, as in the other statements, we have not made any alter: ation in the language, which often presents a 
faithful picture of the native mode of expressing ideas. 


Kattah Ali Shah's statement is printed in the Journal of the Asiatic Socicty of Bengal; No.1, 1859; p. 57, &e. 
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“They at first asserted the property was their own, but when threatened severely, 
“they stated that Mohimmad Amin had brought a Feringhi,' and that they had stolen 
“these articles and were escaping with them. Haji Misser asked where the Feringhi 
“was; they replied: ‘God knows, he was on his way to Yarkand; if he was gone 
“there, he will have arrived at the village of Kilian.’ Haji Misser therefore sent two 
“or three of his own men, and told them to go and fetch the Sahib; they, therefore, 
“went to Kilian and brought the Sahib from thence to Kargalik, and Mohammad Amin 
“was also with him.” 

[It may be surprising, that Mohimmad Amin should not have been selected as 
interpreter at the following interview; but we, as well as Adolphe, could only 
speak through interpreters with Mohammad Amin, who, in addition to Turkish, 
his native language, knew only a little Tibetan and somewhat more of Persian, but no 
Hindostani whatever. Mani and Makshiit were our interpreters. Our brother's inter- 
preter seems to have been the runaway minshi; Abdullah is not mentioned here.] 

“Nobody understood the Sihib’s speech in the country; they searched therefore 
“for somebody who could understand him, in hope of finding some one who could 
“understand Hindosténi or Panjabi. I was in confinement, and they took me to the 
“place. Haji Misser told me to ask the Sahib why he had come there. I asked the 
“Sahib; he replied that there was Shazédah, son of Mohdmmad Shah, living in the 
“Andishin country, and he had visited him (Adolphe) in Lahor, and had said: ‘Do 
“you come to Andishin, Sahib, and I will establish friendly relations between the Navab 
“of Andishin and the Sdhibs. It was on this account that he was on his way to 
“Andishan. Haji Misser confiscated all the Sahib’s property, and put the Sahib in 
“confinement, and sent him to Zillah Khan, a principal Sirdar. When they put the 
“Sahib in confinement he said to me: ‘No one here understands my language, and 
“my belief is, that these people will kill me. Should you go to that side of the 
“country, by Kulu, tell this matter to Hay Sahib; if you go by Kashmir, tell it to 
“whatever Sahib you meet. After this the Sahib went away. On the day that the 
“Sihib went to Sirdér Zillah Khan, on the same day the Chinese force came to fight 
“with the Andishanis; and the Andishanis fought for half an hour, and then ran away 
“and took the Sahib with them. When the Chinese force came, all the Andishan 


’ Feringhi is, in India and Central Asia, the gencral designation of a European, the term being a modification 


of the word Frank. 
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“Kardars ran away, and we 40 or 50 men who were in confinement got free. I 
“afterwards heard that Dil Khan, the great chief of the Andishanis, had taken the 
“Sahib’s property and put him to death, but I only heard this from report of travellers 
“from Kashgar and Yarkand; I did not see it with my own eyes.” 

[When Kattah Ali Shah was asked by Mr. Knox, whether he knew any thing 
of the property of the Sahib or his servants, he said:] “No, I do not know any 


thing about them. I only saw the Sahib and Mohammad Amin Moéghul.”! 


(. Sraremenr or Gosut Moundmmap, ADoLPHE’s Servant. EXAMINED ar KAN@RA, 


JuLty 10TH, 1859. 


“Besides me and several chaprassis, my master had with him the following mitnshis, 
“who could all write English:— 

“1. Ramchand, whose house is near the city of Lahor. He was engaged at 
“Peshaur; in reaching Kardong the Sahib sent him to Kashmir, saying, he would rejoin 
“him via Yarkand. I do not know where this miinshi is now, I have not heard of 
“him since. 

“2. Harkishen, native doctor from Alméra. He left us at the foot of the Bara 
“Lacha pass, and went by Lahdél, Spiti, Bissér and Gahrval to Déra, where he gave 
“over all the instruments he had to the office of the Surveyor General of India. 

“3, Mohammad Hassan, a native of Peshaur, accompanied us nearly as far as 
“Ladaik, but had to return, as he suffered a good deal from ophthalmia.” 

“We left Bhagsu about the end of April and marched on through Kulu to Rupehu. In 
~Kuaht my master met Mohammad Amin Moghul, who had accompanied his brothers to 
“Turkistin, and Murad, the Jew, who knew his brothers from Ladik. As the Sahib 
“intended to personate a merchant, he bought in Kulu 40 horses and some cloth, and 
“at the same time mounted three of his servants. After completing all his prepara- 
“tions, he set out with the intention of going to Kékand. When we came to Rupchu, 
“Mohammad Amin said he would take my master by the ordinary route to Kokand; this, 


“however. he did not wish. Mohammad Amin therefore took another route, and after 


' Méghul is the general designation of the Turks in Central Asia. 
2 All the other reports most positively state that he absconded: tut it may he quite truc that he suffered from 


ophthalmia, a very general compluint. caused by the glare of the vast snow fields. 
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“marching for some days we reached, after great difficulties, a place where the water 
“was very salt; 15 horses died here. About this time, I, who continued to remain 


' but I said 


“with the Sahib, fell sick, and he wished to send me back with Muri, 
“T would rather remain. Here we had considerable difficulty in finding the road; at. 
“last we discovered a pass, on which lay a heap of stones, for marking the place 
“where a murder had been committed. This pass is not far from Suget, whence the 
“road branches off to Karakash. 

“After proceeding two marches from Stiget, we halted; the Sahib always occupied 
“one tent, his servants another, and the camp followers encamped all round. 
“During the night, three men who had been engaged in Kilu walked off with 
“21 horses and other property; a fruitless search was instituted after the thieves: of 
“the 21 stolen horses, 11 had such sore backs and were so lame that the thieves 
“abandoned them. 

“From this point my master again returned to the pass above Stiget, where he 
“remained some days, and then proceeded in the direction of Yarkand; but in the road 
“he fell in with three men who told him, that there was a good deal of fighting going 
“on in Yarkand, and advised him not to proceed any further. He accordingly 
“again returned to the pass, in the neighbourhood of which he remained about 
“a month, and then, being still very anxious to reach Yarkand, if he could possibly 
“do so, he again set out. I, however, got very ill, and as we happened to meet a 
“caravan of merchants proceeding from Yarkand to Ladik, he entrusted me and 
“some of his collections to the care of these people, who should take me back as far 
vas Ladik. He gave the merchants a bill for 50 rupis, and to me one for 30 rmpis, 
“both drawn on the thanadar of Ladak. Moreover, he gave me a dratt of 250 rupis, 
“on Kangra, and a horse for my use. I received orders to proceed from Ladak to 
“Bhagsu. On reaching Ladak, I presented the first bills to the thanadaér, who refused 
“to cash them. I therefore remained in Ladik three months, and as the merchants 
“became very importunate on account of not receiving the 50 rupis, for which my 
“master had given them a bill, I sold my horse for 54 rupis, and out of the money 
“thus realized, paid the merchants their 50 rupis. The caravan belonged to Rupa Shah 
“from Yarkand. 


“I have not heard anything more about my master.” 


' This chaprassi was sent back with Méuli Baksh to Lahol. See p. 4s. 
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HI. INFORMATION RECEIVED FROM THE “DEPARTEMENT ASIATIQUE” OF ST. PETERS- 
BURGH, THROUGH BARON BUDBERG, RUSSIAN MINISTER AT BERLIN. 


7. Letrer rrom Mr. Varbdoucuine, Russian Consun ar Catcucnak.! 


Docember 41st, 1958. 


Acod 
Cutcucnak, Jonunry 11th, 1859. 





Although the following information must tend to increase the general sympathy 
which is felt in the fate of the renowned and universally respected traveller, Adolphe 
Schlagintweit, they unfortunately offer no consolation to his brothers. 

In the autumn of 1857, at the time of the insurrection against the Chinese in 
Turkistan, which was headed by Buzruk Khan, a nephew of Jehangir Haji, a Feringhi 
(European) came to Turkistan from India’, giving himself out for a merchant. 

Having received the permission of the Chinese authorities to proceed to Kashgar, 
the traveller unfortunately arrived on the day when Buzruk Khan made his entrance 
into the town. The next day he presented himself before the latter to obtain his 
permission to extend his journey into Kékand; Bizruk Khan, however, taking him 
for a Chinese spy, caused him to be murdered. It has been asserted that he declared 
to Buzruk Khan before his death, that his murder should not remain unpunished, as 
no means would be neglected to find him. This report has occasioned a belief in the 
country that “this European was a person of high importance, belonging to the 
Feringhis who govern India”, i. e. that he was an Indian officer. It is also asserted 
that the four Europeans composing his retinue*® were also murdered. The person, 
through whose agency I obtained these details, did not know whether he was also 
accompanied by Mussalmans. All the effects of this traveller are said to have been 
taken by Bizruk Khan on his return to Kokand. 

It is further reported that this traveller came from India, intending to proceed 
through Tibet to Kékand, or, in the event of being prevented from doing so, to return 
as he had come. His name is unknown. All that I can learn respecting him is that 
he was very tall fat least in comparison with the much smaller races of Central Asia]. 
I obtained these statements on inquiring of the head man of a large caravan from 

1 CIniguchak. in 46° 9 N, Lat, 83° 7/ Long. E. from Greenwich, is a Russian station, south of the Zaisang lake. 
2 The name Sikemarata, given in Mr. Vardouguine's original letter as the name of a little town from which he 
is supposed to haye come, must refer to the country of the Sikhs, the Pinjab. We are unacquainted with any town 


hearing this or a similar name. 


1 This appears to be an error. Le had no Europeans with him. 
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that place, whether any Europeans had fallen in the rebellion in Turkistin. Un- 
fortunately the statements I received, especially as to the routes', agree but too well 
with the points to which my attention was directed, as being essential ones in reference 
to the person about whose identity I was commissioned by the Asiatic Department, 


in November, to make investigations. 


8. Srconp Rerorr rrom Mr. VARDOUGUINE, FORWARDED TO Baron BupBerc By 


2nd 
Mr. Groner Kowarewskl, St. Peterspures, March 75, 1859. 


Prince Gortschakoff has already communicated, in his dispatch to your Excel- 
lency (Baron Budberg) of the $4 of February, some information which Mr. Var- 
douguine, acting as our Consul at Chiguchak, had forwarded to him, and which 
appears to have some bearing on the fate of Mr. Schlagintweit. According to a fresh 
report, dated nS from the same official, it would appear that this ill-fated 
traveller had not four, but only three companions, who did not share his fate, but 
saved themselves. Mr. Vardouguine brings forward a circumstance which, however 
indefinite it appears, may still not be without weight for those who personally knew 
Mr. Schlagintweit, in establishing his identity. The traveller, who is said to have 
been killed, is described as having a mole (tache naturelle) under his right eye. 

[Our brother certainly had no such mole, but it is not impossible that some 
scarred wound, of which we know nothing, might be meant.] 

In communicating this information, I consider it useless to observe how little 
credence should be attached to it. The inhabitants of those distant regions where it 
was “collected, generally speaking, make no scruple of modifying their reports at 


pleasure, especially when Europeans are concerned. 


' Our letters, in consequence of which Prince Gortschakoff had the kindness to institute inquiries, contained details 
about our brother’s possible routes to Turkistan, and also about those which he might have adopted in order to reach 


the Russian territories. 
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1V. REPORTS COLLECTED BY LIEUTENANT COLONEL H. B. EDWARDES, C.B., 
COMMISSIONER AND SUPERINTENDENT, PESHAUR DIVISION. 


9. Lerrer or CoLonr, Epwarpes to R. Tempers, Esa., SecreraRy To THE CHIEF 
CoMMISSIONER OF THE PAngAB. Prsndur, Decemper 18rH, 1858.— Povirican 


DEPARTMENT. 


[ am not aware whether the Chief Commissioner has yet received a reliable 
account of the circumstances attending the death of the German traveller, Mr. Adolphe 
Schlagintweit; but, at any rate, it will be satisfactory to the Government, as well as 
to his friends, to be able to compare the enclosed narratives of the sad events. 

The first [No. 10] is the verbal statement of one of his followers, a Kashmiri 
named Abdullah’, who arrived here vid Bokhara and Kabul three days ago, December 
15th, 1858. 

The second [No. 11] is the written report of a native of Yarkand, named Moham- 
mad Amin, who appears to have been provided by Lord William Hay, as a kind of 
agent, or chief guide, to Mr. Adolphe Schlagintweit. He ‘writes from Kékand, and Ab- 
dullah is the bearer of his letter. 

From these statements, which appear to me substantially trustiul, it seems that 
Mr. Schlagintweit was impelled by a desire to find a road to Yarkand which need 
not pass through Ladik; that he reached Yarkand; found that country harried by 
fanatic Mussalmans from Kokand; and passed on to Kashgar, where the same fanatical 
raids where going on, and the leader of one of them, a Sayad, named Vali Khan, 
seized him and barbarously caused him to be beheaded, without any other offence, 
apparently, than that of being a foreigner. 

It anything could soothe the distress of Mr. Nchlagintweit’s friends in Iurope, it 
would surely be the noble contrast. between the enlightened purpose and hwnane 
search for knowledge which bore him into those wilds, with his life in his open 
hand, and the barbarians’ frenzy for the propagation of error by the blood of his 
fellow men. 

1 have sent by separate parcel a slip of paper, and a broken pocket telescope, 


which were the only relics AbdWah could bring away with him. 


‘His fall name is Abdallah Mohammad. 
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[We have received these articles. The handwriting on the slip of paper is cer- 
tainly that of our brother; but it is beyond all doubt that it had not been written 
during his travels in Turkistan; it is dated “Peshaur”, and was probably written in 
December, 1856. It seems to be a rejected label, belonging to a specimen of his 
ethnographical collections. 

The telescope, which Abdullah says had been bought of one of the people who 
stole our brother’s property, was certainly not his; it looks as if it had been 
purchased in a native bazir of Peshdéur, and is of such rude external appearance 
that our brother cannot even have taken it with him as a present for natives; it only 
magnifies once and a half, and gives the images very badly defined. 

We have communicated to Colonel Edwardes our strong doubts as to whether these 
articles were actually found amongst our brother’s property in Turkistan, and we have 
requested him again to cross-examine Abdullah, and at the same time to keep in 
mind the improbability of his statements, at least in reference to these alleged relics.] 


10. VerpaL STateEMENT GIVEN BY THE Kasumiat1, ABDULLAH. 


“About two years ago, when the Amir of Kabul came to pay a visit’ to Peshaur, 
“my master was in Peshaur, and I was employed under him as a sepahi of the guard. 
“After much travelling in the Panjib, he went to Sultanpur in Kulu, where he got 
“acquainted with Mohammad Amin of Yarkand, whom Lord William Hay had sent 
“for the purpose. ; 

“Mohammad Amin was obliged to go for protection to Lord William Hay, to be 
“safe from Gulab Singh’s prosecution.’ 

“Also the officer, named Basti Ram, who was posted at Ladak, as a thanadar, by 
“Maharajah Gulab Singh, bore very ill feelings towards Mohimmad Amin, because he 
“had shown to Europeans, the brothers of my master, the way to Yarkand. 

“At Sultinpur, the chief place of Kulu, the Sthib stopped for some days, with 
“a view to arrange with Mohammad Amin for the journey. He then sent his baggage, 


“under the care of Mohimmad Amin, by the direct road to Kardong, and he. with 


' This officin) visit took place at the end of December, 1856. Our brother, Adolphe, was in the suite of Sir John 
Lawrence, when he had his interview with Dost Mohammad Khan, at Jamriid, near Peshiur, See Itinerary, p. 32. 
2 See p. 46, 


Re 
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“myself, the native doctor Hirkishen, and Gosht Mohammad, the butler, went there vid 
“the Binghal pass. In Kardong he halted five days, sent his munshi, Ramchand, and 
“two chaprassis to Kashmir, purchased 60 horses and provisions, and with the munshi, 
“Mohammad Hassan, a native of Peshaur, Harkishen, Gosht Mohémmad, myself, and 
“Mohammad Amin of Yarkand with his three followers, proceeded to Ladék. When 
“we reached a place three days’ journey from Leh, Mohammad Amin pointed out to 
“the Sahib a road, vid Sirikil to Kékand, which he proposed to follow. The master 
“consented to this proposal, ordered Harkishen, two chaprassis, and two other men 
“employed in the survey office to return to Hindostaén, sent one chaprassi with his 
“heavy baggage to Lad&k, and he with myself, Mohammad Amin, and some other 
“followers, went to Chisel [near the Tsomognalari, the great salt lake of Pangkdéng]. 
“There he hired sixty porters and with them set out. , 

“After three days’ journey, minshi Mohammad Hassan of Peshaur, having taken 
“away at night one of the Sihib’s horses, ran away and carried off with him his book 
“of accounts. The Sahib sent a man named Réihiman, a native of Balti, to search for 
‘him and lent him a horse to ride on; but he also near returned. We halted three days 
“in the same uninhabited country, and then, taking Moh4mmad Amin and two natives 
“of Tibet, the master went away alone to discover the way. By means of a telescope 
“he at last found a way, and started with his baggage; but we soon missed the proper 
“route, and after a weary journey came by the side of two small lakes, the water in 
“one of which was reddish and in the other greenish, but both bitter [saline], so that 
“all his -followers, through despair, began to lament and sigh to return. 

(The difficulties of travelling, here described, perfectly agree with what we also 
had to experience during our passage over the chains of the Karakortim and the 
Kuenlven. ] 

“Upon this my master dismissed some Tibetans, together with one chaprassi, by 
“name Murli. He then with myself, Mohammad Amin, and his three followers, Gosht 
“Mohdimmad, and two Tibetans, resumed his journey, and on his way met with only 
“a single house, situated in a desert tract of country, from which the city of Elchi, 
“the capital of Khotan, was distant by three days’ journey. 

“All our way had hitherto Jain through an uninhabited country; for our master 
“had selected a new route, marked it with stones as he went along, and made a sketch 


~of it. This was a way which led straight to Yarkand, without passing through Leh; 
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“but with the exception of a few inhabited huts [on the Tibetan (southern) side of the 
“Karakorim] in some places, the whole of the tract was an entire wilderness. We, 
“however, did not proceed from this single house, sitnated at three days marches from 
“Ichi, in the direction of this city, but turned towards Stget, where we stayed three 
“days, Mohammad Amin here again urged upon the Sahib not to proceed to Yarkand, 
“but to Sirikil, and thence on to Kékand. We consequently set out for Sirikul. 

“On the third day we arrived at the summit of a pass where, the same night, 
“snow fell to a great extent; here the horses we had were all taken away by the 
“servants of Mohammad Amin, but we next morning went in pursuit of the robbers, 
“and Mohammad Amin with one of his servants, who was a Jew, also accompanied us. 
|This must have been Murad.] 

“We at last recovered seven horses from the thieves, and sent Mohammad Amin 
“and his servant ahead to search for the rest. Mohdmmad Amin had not instigated 
“his men to rob our Sdhib of his horses, but they, of their own accord, had done the 
“deed. On our return, we asked the Sahib to retire down the pass in order to be 
“safe from the severity of the cold, and to get provisions. He accordingly descended 
“from the pass, and reached A Siyad-Wla Khdja, where Mohimmad Amin also came up 
“with the three remaining horses which had been stolen, and despatched his servant, 
“by name Murad, the Jew, to Yarkand, to bring information of the wars that were 
“then going on there. The Jew returned, and reported that it was the Khan of Kékand 
“who had been making war. We therefore, without hesitation, set out for. Yarkand; 
“Gosht Mohdimmad, under the protection of a caravan, was sent back to Kangra'. 

“After his departure, we passed through Kargalik and Bozgan®, and arrived at the 
“camp of Dil Khan, Sayad of Kékand, who had come with an armed multitude to 
“make a religious war with Yarkand. His camp lay ‘outside the city, and about an 
“hour after ovr arrival, the army of the Khatais*, which formed the garrison ot the 
“city, came out to encounter the besiegers on the open field, and routed them, and 
“obliged Dil Khan to fly. Mr. Schlagintweit, likewise leaving all his baggage there, 
“fled with his followers to Négsar, and thence went to Kashgar. Here another Sayad 


“of Kokand, named Vali Khan. who had likewise come on a religious expedition had 


' See p. 55 and p. 64. 
? These places are respectively (vo days’ and one day’s march distant from Yarkand. 


* Khatai is the name given to the Chinese in Turkistan. 
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“succeeded in getting the throne of Kashgar; Mr. Schlagintweit desired an interview 
“with him, but it was refused, and a guard was sent to apprehend us. 

“They accordingly carried us prisoners into the presence of Vali Khan, who ordered 
“Mr. Schlagintweit to be beheaded, and so the order was instantly carried out. Vali 
“Khan did not ask any question of Mr. Schlagintweit before his murder, and he was 
“executed outside the city of Kashgar. He was allowed no burial, but a man, named 
~ Atta Bahi, a native of Yarkand, had collected his bones, and Mohammad Amin assured 
“me that he would send them over to India, vii Ladak. This tragedy occurred about 
“seventeen months ago [August, 1857]. 

“Vali Khan then sent me and Moh4mmad Amin of Yarkand, and Murad, the Jew, 
“and a native of Tibet to prison; and afterwards sold me as a slave to a man called 
“Tizak, for 25 rupis, by reason of my being a native of India. 

“A month after, an army of Khatdis came and expelled Sayad Vali Khan of 
~Kékand, together with the inhabitants of Kashgar, who took refuge in Kékand. I 
“also accompanied the fugitives, and on my arrival at Kékand, a Sayad of Peshaur, by 
“name Midn Khalil, procured me freedom by paying to my master, Tizak, the amount 
“which he had paid for me. 

“After I was set at liberty, I stopped in Kokand for ten months, during which 
“time I sent three petitions to the King intimating that Mr. Schlagintweit had been 
“murdered, and praying that justice might be done to him. But the King of Kokand, 
“without giving me any reply, tore up all my petitions. When I was in Kokand, it 
“was the season of winter, and, consequently, I never went out to see the country. 
“I met Mohimmad Amin of Yarkand at Kokand who advised me to return to 
“India, and said that he would again apply to the King of Kokand for justice in the 
“case of Mr. Schlagintweit. Meanwhile the King of Bokhara prepared to make an 
“inroad on Kokand, upon which, fearing bad consequences from a longer stay at Kokand, 
“IT went to Bokhara. On my departure from Kokand, Mohimmad Amin gave me a 
“Persian letter for delivery to Colonel Edwardes, in Peshaur, which I now present. 
“Fyom Bokhara I came to Balkh, from Balkh to Kabul, and from Kabul to Peshaur. 
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11. Lerrer prom Mondumap Amin or YARKAND, to CoL.onre, Epwarpes. K6Kanp. 


JuLyY 297H, 1858. 


I met Mr. Schlagintweit at Sultanpur in Kilu, then went with him to Lahdl, 
and over a pass reached Rupchu. 

Here two roads diverge, one leading to Leh, and the other to Chisel. My master 
asked me to direct the way to Aksde Chin, we consequently proceeded thither, and 
passed through Changchénmo, and having crossed a high ridge [this is the Karakorim 
chain], we came up to the road leading to Aksie Chin'. We arrived at a place, 
whereabout two forts were situated. The one was said to have belonged to Sikander, 
and was situated on the flanks of the Yurungkdsh pass. [We ourselves also passed. 
with Mohammad Amin, through Sikander Mokaém, on the 18th of August, 1856. It 
is a small fort and now deserted; it seems never to have been anything else but 
a fortified place, and was never permanently inhabited. The name of Alexander 
the Great, after whom it is called, is well known to the inhabitants of Turkistan. 
partly in historical, partly in more fabulous form, and appears several times‘ with- 
out any real connection, and quite unexpectedly, in geographical terminology.] The 
other fort lay on the banks of the Karakash, which is one of the streams that flow 
through Khotan. 

Travelling along the Karakash river [and atter having crossed the Kuenhien}. we 
came down the main stream of Khotan, and passed through Sayad-Wla Khoja which 
was intersected by two roads, one connecting Yarkand with Tibet, and the other 
leading to Tashkorgin, Osh and K6ékand. 

We halted at Sayad-tla Khoja for five days. It was twenty days’ journey from 
this to Osh, vit Tashkorgan, and five days’ journey to Yarkand. 

My Sahib told me that the way through Tashkorgin and Osh was very long. 
and that to Yarkand comparatively short, and that he would take the latter. [ 
remonstrated that the latter was a dangerous, and the former a safe, way. He then 
sent Murad, the Jew, to bring information from Yarkand. The Jew returned atter 


eight days in the company of eight caravans, and reported that the Khan of Kokand 


‘It is a characteristic of Mohammad Amin that he complains very Title about the difficulties of the ryad, in 
comparison with Abdul. 
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had wrested from the people of Khatais [Chinese] the provinces of Kashgar and 
Yarkand. 

I, however, discredited the report, and said that the real Khan of Kékand would 
never undertake such a distant expedition; but that within the last twelve years some 
ot the Bara Sahibs [great men] of Kdkand, who were Sayads by birth, having collected 
vagabond outlaws and all sorts of rabble, made frequent inroads on Kashgar, some- 
times succeeded in defeating its governors and occupying their throne, and at other 
times were repulsed by the Chinese army and obliged to retreat, and that one of them, 
Chikchik Khdja, had once fallen into the hands of the army of Khatais, and was 
since in confinement. If wars were going on at Kashgar, I added, they must have 
been waged by these Sayad fanatics, and nqj by the Khan of Kokand. 

My master nevertheless persisted in goingiito Yarkand [evidently,—because the road 
to Kashgar and Kékand was equally dangerous on account of the disturbances in this 
direction, and because the distance to these places was also much greater]. He sent 
back Gosht Mohimmad the butler, in company with a caravan, to Kangra. 

We then set out for Yarkand; on our approach, the inhabitants of that place 
treated us with great courtesy, and furnished us with provisions; Mr. Schlagintweit 
also gave them presents suitable to their several ranks and deserts. 

From thence we proceeded to Kashgar which was then occupied by a Khoja of 
Kokand, who had defeated the original governor and wrested from him his provinces, 
but the army of Khatéis was also encamped outside the city, and laid siege to a fort, 
called Gul-Bagh, situated about a mile from the town. 

The Mussalmans of the garrison every day came out and gave them battle. 
The fight was going on when we arrived; the Mussilmans asked who we were, Mr. 
Schlagintweit replied that he was the Honourable Wast India Company’s envoy, and 
was going to the Khan of Kékand. Upon this they got into a rage, and ordered 
Mr. Schlagintweit to be beheaded, and me with my followers to be thrown into prison, 
and plundered of all our property. During the thirty five days of our confinement, 
my two servants died and the third was missing. 

Meanwhile the army of Khatdis, having been reinforced from Maha Chin,’ over- 


powered the Khdja, and obliged him to fly. I consequently got my release, placed 


! Maha Chin, 2. e. Great China or China Proper, as distinguished from the Chinese province of Turkistan. 
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the remains of Mr. Schlagintweit in charge of Murad, for safe custody, and proceeded 
to Kokand. 

I have been eight months in Kokand; and as the way to Kashgar remained 
blockaded during that time, and no traveller could pass to and fro, I could send no 
message to you; however, lately envoys have been sent to, and received from, Kashgar, 
and peace restored; and the Khan of Kokand has deputed a man, named Aka Sikal. 
to Kashgar to bring about the state of affairs on the old footing. I shall, therefore, 
shortly leave for Kashgar and proceed to Peshaur with the remains of my unfortunate 


master. 


12. Conciupinc Remarks. 


The latest news which we have redgived from India about Adolphe, is contained 
in a letter of the 27th November, 1859, from the Rev. H. Jaschke, missionary at Lahdl. 
He derived his information from a man, recently returned, whom he had _ prevailed 
upon Hari Chand to despatch in August, 1858, to Yarkand, for the purpose of making 
inquiries about our brother’s fate. This man confirms most positively the general 
correctness of the former sad intelligence. He found out that our name had been 
transformed by the Turkisténis into Sdladin. 

Mr. Jaschke’s communication allows us also to hope, that we may still receive 
some of our brother’s manuscripts, instruments, and collections. 

From Russia we hear quite recently (end of April), through the kind exertions 
of the Imperial Geographical Society of St. Petersburgh, that the son of a Kirghis 
chief, by name Vanikoff, has just returned to St. Petersburgh from Kashgar, and 
given an account of his journeys to the Society. He most positively confirms the 
accounts ag to Adolphe’s sad fate, who, according to his statement, was killed by Haji 


Misser. 


IV, TRANSCRIPTION. 


System adopted. .t. Vowels. 2B. Diphthongs. (. Consonants. D. Phonetic Accents— Linguistic Experiments.— 


Alphabet used for Transcription. 


Tue transcription of words from thé different languages of India, including 
Tibetan and Turkish for High Asia, has, throughout our journeys, been an object to 
which we have always endeavoured to give an attention proportionate to its difficulties. 
Our principal object has been to define, to the best of our ability, the phonetic sound 
of the words. Whenever it was possible, we followed the native orthography; but in 
cases where this orthography was indeterminate as to the vowels, or too complicated 
in the system of consonants, we have always deviated from it. 

Where the provincial forms were found to be well defined or modernized, we 
kept them unaltered, in conformity with the rule adopted in geographical works. For 
a few of the familiar and most generally used names, such as Calcutta, Ganges, Indus, 
Madras, &c., we have retained the established European mode of spelling. 

We are not Oriental scholars ourselves, but had acquired a sufficient knowledge 
of Hindostani to converse with the natives—such an amount of acquaintance with the 
language being in itself indispensable, both in India, to facilitate intercourse with 
followers and servants, and in the territories beyond English influence, which are 
generally inacessible to Europeans, to enable the traveller to assume disguise with 
more chance of success. Though we could never have hoped to pass as natives in a 
country where Hindosténi was the native language, the difficulty was far less in Tibet 
or Turkistan, where the chief requisite in speaking with our interpreters was fluency, 
and not correctness. 

The systems adopted for the transcription of Indian languages are very numerous. 


Our researches referring almost. exclusively to physical geography and natural history, 
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we thought it important to adopt a system as little complicated as possible, and at 
the same time to preserve an alphabet, not differing too widely from the letters 
generally used in typography. For writing the names on maps also, it is very 
convenient not to have too many distinctive signs added to the letters; for they are 
easily overlooked, when they happen to coincide with the lines of shading on the map. 
Besides, a simple method makes it so much easier for the general reader in following 
our researches and in remembering the names connected with them‘. 

| A. VOWELS. 

As will be seen from our Alphabet, we ‘generally write the vowels on the 
German or Italian system of pronunciation, a system already introduced by Sir 
William Jones, and, with some slight modifications, now almost universally adopted. 

Amongst many others who write in accordance with similar principles, we need 
only mention: Wilson, Hooker, Thomson, Miiller, and Vastwick’, in England; Bopp, 
Lepsius’, Lassen, and Weber, in Germany. In the Presidency of Madras, it has also 
been officially introduced of late‘. 

B. DIPHTHONGS, 

This class requires particular notice here. In modern Ikuropean Janguages there 
are instances in which the spelling of diphthongs is phonetically incorrect, as will be 
seen when we dissolve the diphthongs into their two component vowels, by pronouncing 
the latter very slowly, as in singing, an experiment which we found exceedingly valuable 
in many doubtful cases. By doing so, it is easy to perceive that, if we wish to write 
phonetically, the German words “heute (to-day)”, “Higenschaft (quality)”, sound like, 
“hdiite”, “ Aigenschaft” ; the diphthongs in the English words, “loudly”, “silently”. sound 
like, “ldadli”, “sdilentli”.§ 


These examples, at the same time, serve to show that, if the accentuated syllable 


' A simple mode of writing ulso much facilitates the printing of translations, and of abstracts in scientific 
periodicals, 

? Eastwick. Handbooks for India. 2 vols., Murray, London, 1859. We take this opportunity of acknowledging 
the valuable information contained in these volumes, which have proved of essential service to us, especially in 
what relates to Southern India. 

‘In the details of transcription, his wel! known rescarches in connection with a general alphabet (Standard Alpha- 
bet, London, 1855) have heen very important to us. 

* Allen's Indinn Mail, November 28th, 1859. 

* We add, not to be misunderstood, that we are far from alluding to alterations, as little desirable in Ienglish 
as in the German, in cases where orthography is based on history and firmly established hy universal usage. 
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‘contains a diphthong, the accent, contrary to the adopted mode of writing it in 
Greck, aways lies on the first vowel, even when the diphthong is in the antepenullt. 
When placed otherwise, the two vowels no longer form a diphthong, but are separated 
by divresis, 

C. CONSONANTS. 

In reference to the consonants, simplicity could not be obtained without entirely 
omitting many distinctions of the Oriental alphabets. 

In the Geographical Glossary, which will be embodied in the third volume of 
our publications, we have endeavoured to transcribe, with greater accuracy, the different 
native consonants. We retained, however, as far as was possible, the English alphabet, 
since for most general purposes it is sufficiently complete, and has besides for centuries 


been intimately associated with Indian geography. 


D. PHONETIC ACCENTS. 


‘To each word of more than one syllable we have given a phonetic accent. 

Although signs for distinguishing the accented syllable are generally considered 
unnecessary in a complete system of transcription, where the quantity is marked in 
full, yet in the more simple system here adopted, we have thought it advisable to 
ensure correctness and facility in the pronunciation of the names by the regular 
employment of the phonetic accent. 

When the accent falls wpon a diphthong, we place the sign over the first vowel, 
in accordance with the principles explained above. 

In rapid conversational utterance there is seldom any difficulty in distinguishing 
the syllable upon which the principal accent lies. In compound words, indeed, some 
embarrassment arises as to the disposal of the accent when one only is to be used; for 
several syllables may here be pronounced with equal stress, or nearly so, as is often 
the case with many German words. However, though but one accent is used in our 
system, this will at least serve to exclude the possibility of a wrong syllable being 
accentuated, and, what is more important, obviate the danger of a misapprehension, or 
total misunderstanding, of the word. 

Before our departure from India, we had made an engagement with Sdyad 
Mohammad Said, an intelligent minshi, from Calcutta, who was recommended to us 


by the well known orientalist, Professor Sprenger, as one of his best scholars. He 
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accompanied us to Europe, and remained in our service a year and a half. The munshi 
was well versed in Bengali, Urdu, Persian, and Arabic; but English he had yet to 
acquire after his arrival in Europe. In consequence of his unacquaintance with 
European languages, we were at some loss how to dispose of him at Berlin, during our 
first. short visit to England, immediately upon our return from the East: but Doctor 
Dietevici, Professor of Arabic and Persian at the University of Berlin, came forward and 
most kindly offered to take charge of him. The minshi evinced great, interest for the 
work in which he was engaged under our superintendence. The results will be given 
in the glossary. 

As an instance of the important assistance we were enabled to derive from the 
native articulation of Indian names, we may mention the following: On our return, 
vid Trieste (June, 1857), we took the munshi with us on a visit to Professor Briicke, 
in Vienna, who proposed to us several very successful experiments. One of these trials 
was to determine, whether the glottis remained open or shut in the ‘pronunciation of 
certain consonants without an accompanying vowel. This was easily ascertained by 
applying the concave end of an acoustic tube to the outer side of the larynx, while 
the other end rested in the ear of the observer. Other experiments were made, in 
reference to the pronunciation of aspirated tenues and aspirated mediae. The results 
have been recently published by Professor Briicke'. 


We conclude by giving the alphabet employed throughout our publications :— 


ALPHABET USED FOR TRANSCRIPTION. 


a (i & aa), &; b (bh); d (dh); e (@ 4); f; gw (eh): hy i GD: J Gb); k Uh) kh; 


1 (dh); m:n; o (66), 6: p (ph); r (rh); 5, sh; & (th): u (a i), tis vi ¥; 2. 


VOWELS, 
1. a,e,i,0, uy as in German and Italian. 
2. &, 6, tt, as in German. 
3. Diphthongs give the sound of the two component vowels combined. Dieresis 
is marked by the accent falling on the second of the two vowels. 


4. — above the vowel makes the vowel long. 


' Ucher dic Aussprache der Aspiraten im Hindustani. Sitzungsberichte der philosophiseh-historischen Classe der 
Wiencr Akademic, April, 1859. 
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In general we considered it unneccessary to add this sign when the accent 
coincided with it, and the omission would not influence the correctness of the pro- 
nunciation. 

Short vowels are not separately distinguished. 

5. ~- above a and e is a sign of imperfect phonetic formation, similar to the 
open # in but, and e in herd. 

6. ~— below a indicates the deep sound, like a@ in wall. 

In Hindostani this sound occurs only in local dialects; in Tibetan and Turkish 
it is more prevalent. 

7. ~ above a and o indicates a nasal sound, like @ and o in the French words 
gant and son; also é, i, and i had to be introduced for marking the nasal sound of 
e, i, and u; in the nasal diphthongs ati and al, we make the sign over one only, 


though both vowels have the nasal sound. 
CONSONANTS. 

1. b, d, f, g, h, k, 1. m, n, p, x, 5, t, ave pronounced as in German and English 
[the variations occurring in the pronunciation of g, and lh (in English) excepted]. 

2. h, after a consonant, is an audible aspiration, except in ch, sh, and kh. 

3. ch sounds as in English (chzrch). 

4. sh, as in. English (shade). 
5. kh, as ch in German (hoch). 
6. j, as in English (just). 
v, as the w in German (Wasser), being different from ¢ in very, and w in water. 
8. y, as y in the English word yes, or j in the German ja. 
9, 4, soft, as in English. 

ACCENTS. 

’ marks the syllable on which the accent falls, whether the syllable be long or 


short. 
ALPHABETICAL REGISTERS. 


In our alphabetical registers the letters follow the order of the alphabet, 
irrespective of the signs attached to them. This arrangement has the advantage of 
coinciding, as nearly as possible, with the system adopted in dictionaries of European 


languages. 


PART IL. 


ASTRONOMICAL DETERMINATIONS 


OF LATITUDES AND LONGITUDES. 


SECTION I. 
METHODS OF OBSERVATION AND CALCULATION. 


I. Instruments: a. Theodolites; b. Chronometers; c. Meteorological Instruments.—Mode of packing. 

Il. Inrnopucrony Catcunations: a. Refraction; 0. Parallax; ¢. Methods of Interpolation, Quantities depending on 
the Yearly Motion, or on, the Anomalies in the Orbit, and Quantities depending on the Daily Motion. 

{1I, Mernops ror cancunatina Latirupe anp Tre: 1. Observations of Stars. 2. Observations of the Sun: Method L, 
for uncqual Altitudes; Method IL, for corresponding Altitudes; Method TI, for circum-meridian Altitudes. 
3. Determination of the Meridian. 

IV. Mernops ron cancoLatinae tHE LonattupE: 1. Longitude by Chronometers. Rates of the Chronometera used: 
a, Chronometer 3, 1854 to 1857; b. Chronometers 1 and 2, 1854 to 1856; c¢. Chronometer 1, 1856 and 1857; 
d. Chronometer 4; ¢. Resulting Table of Rates. 2. Longitude by Celestial Phenomena: a. Lunar Distances; 
b. Eclipse of the Moon, October, 1856, with physical remarks.—Terrestrial signals. 

Y..Mernop or Equations or Conprrion: a. Application to Latitudes; &. Example for Latitude; c, Application to 
Longitudes. 





I. LNSTRUMENTS. 
«. THEODOLITES. 


Tu instrnments for angular measurements which we used were the following: 
Theodolite 1, Jones.' It had a horizontal circle of 5, and a vertical circle of 
4'/, inches diameter. The horizontal circle had three verniers, reading 30 seconds; the 
two verniers of the vertical circle gave the minutes.? There was also a tangential 
serew, Which allowed of repetitions being made. For surveying purposes, as well as 
for an approximate determination of the declination, a magnet could be screwed 
upon the telescope. ‘The levels were large and always remained in very good order. 

' Jones, 4, Rupert Strect, London. 

’ The mean of the verniers and the use of the repetition apparatus allowed of 10 seconds being estimated with 


sufficient accuracy, ln some cases, even 5 seconds or less were noted. being then the mean of several readings. 


This remark alse applies to our other theodolites. 


I. 1U 
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On account of the great length.of the telescope, altitudes could only be taken 
up to 55°; and the telescope could not be inverted, without lifting the axis of the 
vertical circle. 

We received this instrument in Madras, 1856, through the kindness of Major 
Jacob, and it was chiefly used by Robert. 

Theodolite 2, Jones. This theodolite formed a part of the set of magnetic and 
astronomical instruments, which were made for us in England under the kind superin- 
tendence of General Sabine. Diameter of both circles 5 inches. The verniers, two for 
each circle, gave direct readings of 30 seconds. It had no apparatus for repetition, 
but a needle could be connected with the telescope. 

Till May, 1856, it was used by Adolphe and Robert, later by Hermann. It 
remained in perfect order till August 9th, 1856, when the horse that carried the 
instrument tumbled down a ravine. The upper level was unfortunately broken; however, 
we managed to replace it by a spare level, which after many trials we succeeded in 
connecting with the telescope better than could at first have been expected.1 When 
arrived in Kashmir, where clever workmen are to be met with, we were able to get 
the spare level properly reset. 

Theodolite 3, Troughton.? This was a very fine instrument; the diameter of 
both circles was 5 inches, and the verniers read off 20 seconds. The horizontal 
circle was provided with a very good repetition screw. The theodolite also contained 
in its lower parts a large, delicate needle, with an independent horizontal circle 
belonging to it.? 

We received this instrument from the stores of the Surveyor General’s Office in 
Calcutta, March, 1855. It was used by Hermann till May, 1856, and afterwards by 
Adolphe, who had it with him during his last journeys. It was lost with his other 
instruments at Kashgar. , 

We found the construction of this instrument particularly well adapted for 
astronomical and magnetic observations, as well as for topographical surveys. Hvery 
part of it was very solid, but at the same time most minutely and carefully worked. 

1 See stations A Kitk-Kidl and A Stiget, in Turkistan. 
2 Troughton and Simms, London. 


3 The needle could be easily removed when we observed the collimator for magnetic declination; but it could 


also be used for an independent determination of the declination. See the comparisons made at Gohatti; Part. HL, 


Station 4. 
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Theodolite 4, Pistor.' This was one of their “universal instruments”, most 
delicately executed, and light enough to be easily carried by one man. The dimensions 
of the horizontal and vertical circle were 5 Paris inches, with two reading microscopes 
belonging to each circle. Screw micrometers connected with the microscopes gave 
readings of 10 seconds. 

The instriment could not be combined with a collimator magnet, on account of its 
having steel axes, but we used it very often for topographical measurements. The reading 
microscopes, however, easily got out of order, and they then required a considerable 
time for re-adjustinent. 

Theodolite 5, Ertel.? A most accurate description of this “universal instrument” 
is contained in “Sawitsch”,* p. 156. 

This was the largest of our theodolites, with a diameter of 6'% Paris inches for 
the horizontal, and of 5 Paris inches for the vertical circle. ‘Two verniers, reading 
10 seconds, were connected with the horizontal, and four verniers, also reading 10 se- 
conds, with the vertical circle. Repetitions could be made, and to the lower part 
of the instrument a second telescope was attached for controlling its position, whether 
it remained unchanged or not during the observations. As there was much steel in 
its construction, we used it only for topographical surveys, and chiefly in Sikkim. 
Its great weight, aud the size of the two boxes in which it was packed, prevented 
us from taking it with us as often as we otherwise could have wished. 

Besides these theodolites, we had pocket sextants by Troughton and Simms, which 
were used principally for minor topographical operations,‘ as we could always manage 
to carry a theodolite with us.° The great altitudes of the sun, during many hours of the 
day in these latitudes, somewhat limited the use of sextants, and, indeed, in working the 
theodolites we were often obliged to take prisms. Those by Jones and Troughton ori- 


ginally had no prisms; but we easily succeeded in applying to them .the prisms of the 


? Pistor and Martins, Berlin. 

2 Eytel und Sohn, Munich. 

+ “Sawitsch, Abriss der praktischen Astronomie.” Translated from the Russian, by W. C. Goetze. Hamburg, 1850. 

' As an instance of the exceptional use of sextants for Intitude and longitude, see the stations Gartok and 
Rampur, in Section IT. 

* In reference to the detail of the construction of surveying instruments and their use, we draw attention to 
the “Manual of Revenue Surveying”, by H. L. Thuillicr and R. Smyth. London, 1855. It also contains much valuable 


information for the carriage and management of instruments in Indian travelling. 


10* 
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theodolites by Pistor and Ertel. The great altitudes of the sun at the same time con- 
siderably increase the difficulties of such observations, in consequence of the powerful, 


and often dangerous, insolation to which the observer is exposed. 


b, CHRONOMETERS. 


Their description and their rates are given in detail, in connection with the 


materials from which we have deduced our longitudes, in No. IV. of this section. 


; ce. METEOROLOGICAL INSTRUMENTS. 


In this volume we give barometer readings, in millimetres and inches, corrected 
already for error of instruments, and reduced to 32° Fahr. The temperatures of the 
air are also corrected for the error of the thermometers. A detailed description and 
comparison will be contained in Vol. IL. 

As meteorological elements for the calculation of our astronomical and magnetic 
observations, we have selected, in each case, one or two readings, which best represent 
the mean values during the time of the observations. As far as relates to these cal- 


culations it is unnecessary to enter further into detail.' 


Mode of packing. 


All our larger instruments were packed in strong wooden cases, light enough 
for one man to carry easily, and with leather covers fitted to them. The idea of such 
an arrangement had already occurred to us before we started, and upon actual trial the 
covers proved to be of the greatest use. We found them to add materially to the strength 
of the box; they limited the shrinking of the wood during the hot season, both in 
the tropics and in the dry climate of Tibet, and also served as an excellent protection 
against the effects of dampness and moisture. In countries such as Tibet and Turkistan, 
no large pieces of wood are procurable, and consequently the greatest difficulty would 
bave been experienced in effecting the slightest repairs. 

In this manner we succeeded in keeping our instruments in very good order, 
although we found the screws frequently loosened by the unavoidable shaking. Indeed, 


we were surprised to see how great was the effect, produced by a constant succession 


! Meteorology in general will be the special object of Vols. IV. and V. 
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of little shocks during the course of a long journey. However, a cursory examination 
of the different screws, and a little attention in seeing that they were all properly 
fastened before making an observation, took up but a short time, and proved amply 


sufficient to keep the instruments in good working order. 
IL INTRODUCTORY CALCULATIONS. ; 


The materials of the observations are: Apparent Altitudes of the Limbs of the 
Sun, in some instances of the Centre of the Sun, and Differences of Azimuths; and in 
other cases similar observations for the Moon and Stars. The observations of the 
Sun form by far the greater part. 

Tn all our calculations the numerical elements are taken from the “Nautical Almanac”, 
with a few isolated exceptions, which we have taken care to mention. 

The first object of the calculation is the reduction of the values, observed from 
the surface of the earth, to true and geocentric values: viz. the application of 


refraction and parallax. 


a. REFRACTION. 

The refractions are taken from “Ivory’s Tables of Astronomical Retractions”, 
in which 34’ 32” is given as the Constant for refraction. They are originally published 
in the Philosophical Transactions of the Royal Society for 1838. 

Bessel’s Tables refer only to variations of the barometer between 30 and 20 French 
inches; consequently, they could not be used, as the lowest barometric pressure in 
connection with our astronomical observations is as low as 14°6 English inches. 

We had the advantage of using the detailed tables, based on Ivory’s values, as 
extended by General Boileau. They are contained in the latter’s valuable “Collection of 
Tables, Astronomical, Meteorological, and Magnetical”, printed at Ambala, 1850, and 
to the kindness of the author we are indebted for a copy. His logarithms of cor- 
rection extend from 32 to 14 inches, and from 10° to 130° Fahr. 

The very convenient arrangement of the tables may best be seen from the follow- 


ing example:— 
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Station No. 91. Sxdrpo m Bduti. 


Observed Altitude of the Sun’s Upper Limb........ 25° 15/0" 


583°2 millim. . (22°°9 C. 
Baton? 22-961 inches. Temp: of ay 73°°2 Fahy. 
Logarithm of correction for ..............00. 22-961 inches = 9-885 
Logarithm of correction for .............200. 73°°2 = 9-980 
Logarithm of mean refraction for the Apparent Altitude of 25° 15/0”... = 2°090 
Sum = Logarithm of true refraction ........0.. 0.0000. c uae = 1:955 
: nat.nun = 90" 
Apparent Altitude of Sun's Upper Limb .......... 25° 15’ 0” 
Refraction; os 4i4-ftsat ie, scot ere Pisa yanelh a SS ha — 1/30" 
True Altitude of the Sun .............-..04. 25° 13’ 30” 


For altitudes of the sun below 20°, and particularly for those of the moon, 
another correction depending on refraction must be applied. 

Since the refraction is a different one for every point of the sun’s or the moon’s 
discs which differs in altitude, it follows that the sun and the moon do not present 
themselves as regular circles, but as transcendental curves. For our observations of the 
sun, which were always taken above 20°, this correction was never required. At 20° it 
only amounts to 2”, but between 30° and 40° becomes 0. 

The tables to be used for low altitudes are Nos. XIV. XV., and XVI. in 


~ Bremiker’s nautisches Jahrbuch.” 


b, PARALLAX, 


in reference to the System of Co-ordinates of Altitudes. 


‘Taking the earth as a perfect sphere, the parallax alters the altitudes only, and 
not the azimuths. This consideration is quite accurate enough for our calculations. 

For the sun and the planets, the parallax of altitudes may be found either by 
a simple multiplication of the horizontal equatorial parallax with the cos of altitude, 
or by using the formule which have been lately developed for parallax. In general, the 
first term of the series gives the correct values, but, for the moon, it is necessary to 


introduce the ellipticity of the earth and the second term of the infinite series.’ 


' The barometer readings are already reduced to 32° Fahr., and corrected for the instrumental error. Compare, 
p. 76. 
2 Compare, Briiniow, sphiirische Astronomie. Berlin 1851, p. 94. 
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The ellipticity of the earth is also the cause of the azimuthal parallax of the 
moon, which need not be taken into account for the sun and the stars. “ Bremiker’s 
nautisches Jahrbuch”, which we constantly use, gives the azimuthal parallax as a 
function of latitude and azimuth. 

Besides the parallax, another correction, as function of the moon’s altitude, must 
be applied to observations of the moon, the object of this correction being the variation 
of its apparent semidiameter, which depends upon its altitude. This correction in some 


instances may amount to 18’; it is proportional (Const. sin h). 


ce. METHODS OF INTERPOLATION. 


Quantities depending on the Yearly Motion, or on the Anomalies of the Orbit. 


lor the quantities depending on anomalies, the “Nautical Almanac” contains for 
every Mean Noon of Greenwich Time, for the Sun: Right Ascension, Declination, and 
Kiquation of Time. 

For the Moon, the “Nautical Almanac” gives, for each hour: Right Ascension and 
Declination, and, from 12 to 12 hours, equatorial and horizontal Parallax and Semi- 
diameter. 

These values must be interpolated for the moments of observation. The first 
differences already give a sufficient accuracy for all that must be considered as a function 
of the anomalies of the orbits. But it is necessary to know approximatively the 
Greenwich Time corresponding with the moments of observation. 

This can be done by a transformation of the well known formula: 

sin h = sin @ sin 8 4- cos @ cos 8 cos f¢, q) 
which, if we give to it the form required, becoines: 
sin_hk — sin 9 sin 8. 


Oe nae ones ee 


In these formule: 
o == Latitude of the place of observation, which must be known within ten minutes 
for obtaining the Time with sufficient accuracy; 
3 == the Sun’s Declination, for which the Declination at Greenwich Noon can be 
taken for the first approximation; 


hk = the true Altitude of the Sun's Centre, corrected for parallax and retraction; 
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¢ == the Apparent Local Time, sought for, which must be reduced by the Equa- 
tion of Time to the Mean Local Time, and by the difference of Longitude 
(which must be known within half or a quarter of a degree) to Greenwich 


Time. 


The differentiation of formula (la) shows, that we must take for h the lowest 
observed altitude. : 
The following is an example of the mode of calculating: 
Station No. 21. Rautrinpr in rue Painsds. 
1856, December 3. 





Time by Chron. 3... 2... 2.0.0... .000.4 8" 48-7 
Lowest Altitude reduced to the Sun’s Centre .. 26° 0':0 
Refraction .. 0... 0... eee ee ee es — 19 
SJ Parallax: 2 & 224-6 GS ae bride eve NADY + O01 
True Altitude of Sun’s Centre... ....... . 25°58"°2 
Appeowuntte Latitude North .......... 33° 6! 
Longitude E. Green. ... 73°°1 = 4!52™ 
8 at Greenwich Mean Noon ............ — 22°12' 
log sinh = 9-641 - log sin @ = 9-743 log cos 9 = 9°92] 
sin 7h. = 0°487 log sin 8 = 9°577,, log cos & = 9:967 
— sing sin’ = + 0-209 9-320, 9° BAS 
"FQEOAG: ao deita’as hand teeth oes Ret bok dee esa ee log = 9-810 


log cos t = 9-922 
t= 33°°2 = Qhyym-s 


Time of observation by Chron. 30. ...0.0.0.0..0.0.02005 Bh 49-7 
Apparent Noon by Chron. 3.2... 20.0.0... 2.00000. 6h 35-9 


The observations used for the determination of 





Latitudes were made at........... 4 38°9 
Mean Noon .......-.-.-2-0-0-04- 6 45-8 
Mean Local Time of the observations ...—2 6°9 
Longitude E. Green... 2... ..000.. 4 52:1 
Mean Greenwich Time............ —6 59-0 
Sun's Declination at Greenwich, Mean Noon, Dec. 3,—22° 11! 32” 
Horary Variation... 2.0... —21":2 
log of Horary Variation 2... . 1°326, 
log of 6" 59™ expressed in hours 0-544, 
2-170 
nat. num = -[- 148% = -|- 2! 28" 


Sun's Declination at the moment of the observation —- 22° 0 4” 
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We find the Apparent Noon: 


hom 


With the Declination at the moment of observation . 6 36°6 
With the Declination at Greenwich Noon ....... 6 35°9 


Therefore there exists an error of 0":7 in the determination of time, ax it was 
made for interpolating the sun’s declination. The horary variation of this value is 
21”, and, therefore, the error of declination which was used in the calculation = 
0 0-2, a value which we consider by a calculation with 5 decimals in log to be 


equal to 0. 


Quantities depending on the Daily Motion. 


The motion of the sun, as well in reference to altitude as to azimuth, forms 
a series of differences of higher orders. If we have a series of observations of altitudes 


or azimuths, in which the times of observations shall be 
ttt" &e., 
and the readings of the vertical circle, which alone are to be taken into the calculation, 
expressed in zenith distances 
2’ 2" &., 
then the errors in the readings dts the probability of being partly positive, partly 
negative, and thus of compensating themselves. 
If we were simply to take the arithmetical mean, we should get a probable error, 
about equal to, or greater than, the errors eliminated, since the motion of the sun 


is not a series of differences of the first order. 


For, if the time of observation obtained by the arithmetical mean — 7, . 
if the zenith distance obtained in the same manner...... = Z, 
and if t—T=+c 

, ¢—T=r7, 
w—Tar", 


we get as results from Taylor’s theorem!: 


dZ eZ : 
Zaet+ ap tH Vo aye w+ ke. 


dZ 2 7Z 


Z=2' ‘a : -l- TR TR wt &e. 
au cl atZ " 
24s + agp TR &e. 


' Brinnow, spharische Astronomie, 1951, p. 226. 
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The second differences can be taken into account either by developing the formule 
tor the zenith distances, including the higher differences, or by correcting the time 
found by the arithmetical mean of the zenith distances with reference to the higher 
differences. 

In order to develope the formula for the zenith distances, including the higher 


differences, we know 
tte telt &. = 0; 


we therefore obtain by a summation of the single equations, for Z, 


g f Woy pa C, 2 : 
Z= cee pee he 4g on (2p 24 0/24 &e), 


where » signifies the number of the observations. 


By the well known formule of reduction we can also write the formula: 


gat te te" + 2"4 &  @2Z 32 sin* Ar 
re n aT? n : 





The double differentiation of the elementary equations (1) for. the zenith distance 


gives 
pa 
a= eee - cos A cos p, 
p signifying in this and also the following formule, the parallactic angle. 
The final equation then becomes: 


a 4 a wt in2 1 
gait? tee... | cos 8 cos soul easuys = 2 sin foe (2) 
n sin Z n 


' The correction of the time, deduced from the mean of the zenith distances, is, 


if we transform the above equations, obtained as follows: 


dT, sin Z ; ] 
az he cos § cos p sin 7’ 


which must be introduced in the formula 


cos 8 cos 9 


aT = 2 sin® 7 
+ a3 i ge cos.4 cos p - ———__*_, 


n 
Since, besides 


‘ sin T : sin T 
sin P= =F * C08 and sin 4=5 Zz 008 8. 





we get as corrections of the Hour Angle 


‘hs cos p cos d | S2sin® yt (3) 
sin 7’ n 





This method might have been applied as the principal one to our observations, 


but we have preferred to use in its place another mode of calculation based on the 
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principles of Equations of Condition, which have recently been used very success- 
fully én calculating astronomical observations, particularly after the precedent of 
Gauss, who first collected them. We employ this method for the calculations of 
latitudes and longitudes, especially as it has the great advantage of at once detecting 
accidental errors of observations, and of determining the weight of each single ob- 
servation. 

At the same time, it is in general not affected by the higher terms of infinite 
series—terms which are neglected in the method communicated above. Lastly, it 
makes, as final result, the value to agree with the principles of probability, and with 
the method of least squares. In division V. of this section, this method is given in 


detail, especially with reference to its application to latitudes and longitudes. 


Ill. METHODS FOR CALCULATING LATITUDE AND TIME. 


1. OBSERVATIONS OF STARS. 


The observations of the planets and stars in general, when not combined with 
lunar observations, were considered only as a control for the results obtained from 
the observations of the sun. But observations of polar stars were preferred to ob- 
servations of the sun for calculating the latitude, in those cases where, for obtain- 
ing as correctly as possible time and longitude, the sun had been observed at some 
distance from the meridian. Such solar observations are not well adapted for cal- 
culating the latitude, since the differential of latitude is a multiple of the differential 
of altitude. 

In calculating the latitude, the mean local time (reduced from the observation 
of the sun) was introduced to find declination and right ascension from the tables 


of the “Nautical Almanac”. 


If U == the time of Mean Noon by chronometer, 
w« = the time of the observation by chronometer. 
» == Longitude Kast of Greenwich, 


9°°86 == the Acceleration of Stars compared to the mean Sun. 
we get the sidereal time of the observation: 
8 = (u—U—d) 4+. U + (u—U—2) """. 9°-86 4f-A+ 8. 
1 
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In this formule, S denotes the Sidereal Time at Mean Noon at Greenwich; the 
co-efficient of 9°-86 is to be expressed in hours; 8 is the Declination of the Star, 
R.A, ita Right Ascension—both corrected for precession, nutation, and aberration. 
Then s— FR. 4. is the Hour Angle of the Star- This being found, the latitude is ob- 
tained by the formula given in Method II.; we, therefore, give no special example. 
For Polaris, the “Nautical Almanac” contains tables for obtaining the latitude by a 


simple arithmetical operation. 


2. OBSERVATIONS OF THE SUN. 

For all stations of particular importance, such as those in India, unconnected 
with the Great Trigonometrical Survey, and those in the mountain systems of 
High Asia, the formule generally used were only taken for the first approximation. 
The preliminary results, so obtained, served to give the latitude and time by applying, 
in a second series of calculations, the method communicated in division V. of this section, 
in a form satisfying all conditions of the calculations of probability. 


In every case where one method only was used, controls have been ayplied. 


METHOD I 
The greater number of the observations form two groups, situated in different Azimuths, separated by 


an interval of several hours. 


Method of unequal Altitudes. 


The variations of the sun’s declination in the intervals have already been intro- 
duced in the first series of calculations. 
When the observations succeed each other at intervals so short that it is 


possible to take the arithmetical means, 


w being — mean of Times by Chronometer, 
“hh .,. == mean of the Altitudes observed, 
3 ,,. == Declination of the Sun, 
R.A. 4, = Right Ascension, 


we get for the mean of one group w, h’, 3, R.A’, the same data as for the mean 
of the second group, either on the same or on the opposite side of the meridian. 


We then obtain latitude and time by the following system of formule: 
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24" 7 7 : 
x Sig Ege an] Qi —n)—(R. ASB. dd); 


or in a more simple form: 


» = (’—w) — (9 86— A BA.) (a'r, 


where A R.A. signifies the Horary Motion 
Then, if we put 
sin 8 sin 8! + cos 8 cos 8 cos d 


cos § sin 8’ — sin § cos 8’ cos 
cos 8! sin \ 


of the Sun in Right Ascension. 


cos D 
sin D cos s 
sin D sin s, 





and 
sin h' — cos ) sinh 
con CP) = Sa coh 
we get 
sin @ = sin h sin 8 + cosh cos 8 cos p (11) 
i cos h sin p . 
sinf = ee (1 2) 
* being == the Hour Angle of the True Sun, to which must be applied the 


respective equation of time for obtaining the mean local time, @ being the latitude, 


and J), and s, the well known auxiliary quantities, used in calculating spherical triangles. 


These equations can be somewhat simplified, and transformed into a system of 


13 single equations, two of which combined give the tangent of an unknown auxiliary 


quantity. These equations are: 


sin 8 = sin f sn F 
cos 8’ cos} = sin f cos F 


cos 8’ sin \ = cos f 


cos D= sin f cos (f'— 8) 
sin D cos s = sin f sin (FF — 8) 
sin D sin s = cos f 


s= 


tan? 


‘a (S +p) = 


D+th+h' 
2 
cos S sin (S —h) 
cos (S—J)) sin (S—h’) 


“sin g sin G = sink 


sin g cos @ = cos h cos p 


cos y = cosh sin p 


sin © 


cos @ sin ¢ 


cos @ cos f = 


sin g cos (G — 8) (13) 
cos g 


sin g sin (@ — 8). 
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Where observations of the sun are taken, no doubt can remain about the meaning 
of cos (s + p) and of tan’'/ (s+ p). It is also evident that this system of equations 
represents a continuous series of controls. 

By differentiation of the final equations, and if we make the possible error in 
time equal to the possible error in latitude (since they can both be reduced to the 
altitude), and if, for giving a more simple form to the differential equations, the 


azimuths are introduced after differentiation instead of the hour angles, we obtain 


dh = — cos Adg— cos sin Adt 
dh' = — cos A'dg — cos sin A’ dt, 
or 
cos A’ cos A j 
eet = dee mea 
sin A’ sin A ; 
eS aaa Vendy 


For the observer these equations show that, for obtaining results as accurate as 
possible, the sun must be observed in azimuths 90 degrees distant from each other, 
since sin (A’—.A) is the number by which the error is divided. The details of the 
observations, communicated later, will show that a similar arrangement had already 
been made in most of the cases to which this method is applied. 

For the calculation’ they show the following: If the sun has been taken in low 
altitudes, viz. if .4’ has been nearly equal to 90°, where sin (A’ —.A) becomes nearly 1, 


then 
cos 9 dt = cos A’ dh — cos A dh’, 
and 
dg = — sin A’ dh + sin A dh’. 


Now if A’ (for low altitudes) is nearly — -+ 90°, A (for great altitudes) nearly 
== 0, or 180°, we have, for dé, the influence of dh = a minimum, the influence of dh’ 
-= a maximum, and vice versé for dq, the influence of dh —= a maximum, the in- 
fluence of dh’ -—= a minimum. 

It results that, in calculating, we must use the greatest altitude for latitude, and 


the lowest altitude for time. 


Example for Method 1. 
Station No. 91. SxArvo, 1856, September 2. 


Compare the detail of the observations in Section IL, Group XI. 


Means from the two series of the observations: 
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hm ae ” o 7 
i => 2-3 
Sun’s Upper Limb 7 Sicha a4 

u’ = 10 51 37 25 15-0 - 


h corrected = 45 25-8 
h' corrected = 24 57-7 
Approximated Noon for finding the Sun's Decl. calculated from h’ by formula (1a) = 6".46 


h h 








6°46 6:46 
Time of Observations. ........ 3:97 10°85 
Local Time .............. 85 + 44 
Approximate Longitude ....... 5°6 56 
Greenwich Time, September 2... —8:'1 — 1:2 
Sun's Declination at Greenwich, Mean Noon: ghey : Bee ate 
+ 74610 + 74610 
lteduction to the Time of Observation + 7 26 af 1 6 
S= 47536 8 =+ 7473 
hom 8 
Time by Chronometer ......... =4' = 10 51 37 
u = 38 58 30 
Intermediate Time........ =u—u= 653 7 
Acceleration of Stars ...... = + 1 8 
Variation of Sun’s Right Ascen- 
sion, (’—w ARA 2... = — 1 3 
Xin Time = .. 6 53 12 
. Ain Arc = 103° 17'-9 
log sin 8 = 9°13777 log cos 8 = 9°99587 
log sin 8 = 9-13199 log cos &’= 9:99597 
log cos \= 9°36177, 
826976 9-°35361, 
nat.num + 0-01861 
— 0:'22574 
— 0:20713 log = 9°31624, = log cos D 
log cos8 = 9°99587 log sin § -= 9°13777 
log sin 8’= 9-13199 log cos 8’ = 9:99597 
log cos} = 9°36177,, 
9°12786 849551, 
nat. num +4- 0°13423 
4- 0°03130 
=F 0°16553 log = 9:21888 = log sin D cos x 


log cos 8 = 9:99597 
log sin } = 9°98819 
9*98416 = log sin D sin s 
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log sin D sin s = 9°98416 
log sin D cos s = 9°21888 


log tan s = 0-76528 
are = 80°15'5.... log sec = 0:00631 
log’sin D sin s = 9°98416 
log sin D = 9:99047 


or 
Control of the cale., arc D from cos = 180—78 2°6 
are D from sin = 180—78 2'6 


log sin kh’ = 9:62533 log sin h = 9-85272 log cos h = 9-84620 
log cos D = 9:31624, log sin D= 9-99047 


: 9°16896, 9-83667 
sin’ ...... = + 0°42202 
sinh cos D ... = + 0°14756 log. = 9°75555 
758998 log. cos (s + p) = 9°91888 
stp = 33°56"4 
are $ = 80° 155 
are (s + p) = 33° 56'°4 
p = — 46°19" 1 
log sin h = 9°85272 log cos h = 9°84620 
log sin 8 = 9:13777 log cos 8 = 9°99587 
log cos p = 9°83926 
899049 9°68133 — 
nat. num 
0:48010 
0-09783 
0°57793 ... . log = 9°76187 = log sin » 


9 Latitude North 35° 18:3 


log cos h = 9°84620 
log sin p = 9°85925 


9°70545 
log cos g = 9°91173 t= 98° 27/3 
9°79372 
bom 8 
Hour Angle in Time... — 2 33 49 
Equation of Time .... — 31 
Mean Local Time .... — 2 34 20 
Time by Chronometer . . 3 58 30 


Mean Noon .....-.. 6 32 50 
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METHOD I. 


The observations form two groups on both sides of the meridian and in approximatively equal 
azimuths and altitudes. 


Method of corresponding Altitudes. 
If we have two series of observations, in which h signifies the altitude, « the 


time by chronometer, 


before culmination after culmination 
u oh a, h, 
‘ t é ‘ 
uh a) hy 
“a “ a un 
uh u,” h, 
an he ur he», 


and if the intervals between the single observations are not too great, and the 
azimuths in both groups not too different in reference to their distance from the 
meridian, the following formula can be applied, where hk is considered the lowest 
altitude observed, and the time of chronometer, «," ++ «, corresponds to an altitude 
after culmination, which is equal to the lowest altitude, h, observed before culmination. 


Bhen paw CP —UPH) (8M) 


(hp —h*) : 





(II 1) 


The two altitudes being exactly equal at both these times, viz. at uv, and at #°-+ 2, 
the moment of the true noon would be the exact mean of these times, were not the 
declination of the sun changed during the time between the two observations. 

If this change of the declination is considered as a differential quantity = d 8, 
we get the correction in time by the well known formula (correction for noon): 


tan @ 


— "het & sin ¢ 





— tan 8 cotan ‘\ (II 2) 


‘Tables for finding this correction for noon, calculated by Gauss, are contained in 
“Schuhmnacher’s Hiilfstafeln”, Altona, 1845, p. 100. Log p required in these tables is 
annually published in “Encke’s Berliner astronomisches Jahrbuch”. 

As soon as the time of the true noon is found by this method, the hour angle 
of the sun for the respective times by chronometer can easily be calculated; 
if A z == the Equation of Time for the Noon of the place of observation, 

AZ = the Equation of Time for the moment of the observation, 
1, 12 
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then the Hour Angle of the Sun (uw, being the apparent local noon) is 
f= u— (4 — Az)— Az. (JI 3) 
For obtaining the most favourable determination of latitude, the greatest altitude has 


been combined with the hour angle, and the latitude is then obtained by the following 


formula : 


tan 8 


tan N =: 
Cos ¢ 


cos (p— N) = wu where mand __ cos 8 cost 





Example for Method II. 


Station No. 21. Raunpinp1, iy THE PAnsAs. 


1856, December 3, 


(II 4) 


sin NN” ~=cos N 


detail of the observations in Section II, Group IV. 
Chronometer; h = Appar. Altitude of Sun's Centre. 


h om 8 ° ‘ “ 
= 4 36 18 h = 27 20 36 
= 8 37 51 hp-' = 27 13 24 
= 8 43 16 h> = 26 37 29 

5 25 85 55 


h—he-! = 7/12", 


and w is therefore to be found by the equation: 


5™ 25° >< 7' 12” 





ae ashe eS 
The time p.M., corresponding to the Altitude, hk, is therefore: 
PEM O sahenee ie dee Se 4 sg 8 36 45 
NEM yale Sas at ae aes aes 4 36 18 
Uncorrected Appar. Noon 6 36 32_ 
Correction for Noon .. -|- 4 
Apparent Noon .... 6 36 36 
Equation of Time ... _ 9 56 
Mean Noon ....... 6 46 32 
Time of observation . . 4 42 17 


Mean Local Time .. . 


21°55 45 


With the approximate longitude — 4" 52™ 24°, we get 


the Local Sidereal Time .........= 44 36 

the R.A. of the Sun... .. 2.0... 38 56 

therefore the Hour Angle in Time... 54 20 -= 28 34°9 in Are 
4 interpolated for the time of observation is... .... - — 22 9:1 


the corrected Altitude is... ......... 


#46) LON Briatore 20 56-6. 


METHODS FOR CALCULATING LATITUDE AND TIME. 91 


The remaining calculation is the following: 


log sin 8 = 9°57641, log cos 8 = 9:96670 
log cos 8 cos ¢ = 9°91031 = log cos ¢ = 9°94361 
log tan N = 9-66610, ~9-91031 
are N Ses OE BIOs 9 wi eatniyen ee KRY log sec = 0°04227 
log cos 8 cost = 9°91031 
log M = 9°95258 
log sin / = 9°67081 
log cos (p — NV) = 9°71823 
are(p—N) = 58 29°4 
Latitude North: 83 37-2. 


Of the two formule for M (p. 90, II 4), we select the one, as in all formule of 
this kind, for which the angular function of N can most easily be interpolated. 

In order to make it possible to calculate the latitude from different combinations 
of observations (taken for determining latitudes), it was necessary in a few instances 
somewhat to modify method No. II. 

1. In some stations, as No. 44, Narigin, observations of the sun’s altitude are 
combined with altitudes of stars. 

When the latter observations gave either of the elements (latitude or mean local 
time) more accurately than the altitudes of the sun alone, the mean local time was 
calculated from the lowest, the latitude from the highest altitude, either of the sun 
or of the star. 

2. Where observations of different stars only were taken, having different decli- 
nations, as in No. 20, Lahor, the mean local noon was calculated from the star with 


the greatest polar distance, the latitude from the star with the least polar distance. 


METHOD II. 


Circum-meridian Altitudes. 


The changes of the altitude near the culmination are proportional to the squares 
of the hour angles. On this principle the following method is based. If, not too 
distant from the meridian, the altitudes be 


h, hi, hh", 
and the times by chronometer 
aw, wy oul, 
and if @3 be the change in the sun’s declination in the unity of time, 


12* 
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then h' —h 
ree ee W1 
es a) 


m' = ——,, + dd 


ui — au!" 
hi jn h hh" < h 
au wu” 
fo (III 2) 





We find «, the time of apparent noon, by 





ene + ul! _ m 
ta ae (III 3) 
aw + ul m' 
t= 5 ae 


The identity of the numerical values for «, from both equations must be exact, 


and gives a control for the calculation. 
The altitude of culmination, h, is obtained, kh" being the observation least distant 
from the meridian, by the formula: , 
No = WA aw (w — to)? + (u — Uo). : (III 4) 
and the latitude 
@ = 90 — (h° — 8). 


Example for Method III. 


Station No. 95. A Steer, mw TurkistAn. 
1856, September 1. 
Compare the detail of the observations in Section II., Group XII. 


° é “ ‘ o é an 
= 62 14 30 = 62 14 30 
h= 62 16 40 a 62 18 15 
Wh = — 2 10 WW = — 3 45 
=— 130 = — 225 
h m 8 . hom 8 ho om a 
a 6 28 33:0 aos 6 82 22-2 eo = 6 28 33:0 
ul 6 36 40°2 a x 6 36 40°2 w= 6 32 22°2 
a—a = 8 7:2 v—u = 4 18:0 u—u = — 3 49°2 
Variation of the Sun’s Declination in one second of time = d8 == — 0”. 01520. 
log nat. num — 1300 = 2°11394, log nat.num — 225 = 2°35218, 
log nat. num — 487°2 = 2°68771, log nat. num — 258°0 = 2°41162, 
log mo = 942623 log m'y = 994056 — 
nat. num = + 0°26682 nat. num =: -- 0°87208 
ds = — 0:01520 ds == — 0:01520 


. O81 = + 085688" 
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Ng = 0: 26682 
my = 0-87208 | 
Mg— mg = — 0°60526. 
log a9 — 7g = 9°78194, 
log nat. num — 229°2 = 2°36021, _ 
log a == 7-42173 
log nat. num -- 2 = 0:30103 
log 2a = 7°72276 
log m = 940074 log m’ = 9-93292 
log 2a = 7'72276 log 2a = 7°72276 
1:67798 2:21016. 
hom a h m 3 
,aat.num = — 47°6 ; ,nat.num— 2 42:2 
St =6a23e6 SEE = 6 431-2 
Apparent Noon = 6 31 49:0 6 31 49-0. 


The coincidence of these two results gives a control for the calculation. 


Observation 2 being the one nearest to the meridian, we use it for carrying out 


our final calculations: 


ho mia 


Apparent Noon = U = 6 31 49:0 
u of observation 2 = 6 32 22:2 
u— Up = 33°2 
log = 1°5211 
log (1 — a)? = 3°0423 
log a = 7°4217 
log red. = 0°4640 
nat, num = 2”°91. 


It is merely accidental in this case, that the value of the reduction of the observation 2 


to the culmination is extremely small. 


Observed Apparent Altitude of the Sun’s Upper Limb........ 62.18 5 
Semidiameter. 2.0... . 2... ee eee ee — 15 54 
Refraction... .............0-0.0, diy tn eet ends 6 Yale _— 18 
Parallarss. ice yi ae ends Males 2 ote Sed ee en Vie he -+ + 
Reduction to the Meridian as above ................ -- 3 
Calculated true Altitude of the Sun’s Centre at its Culmination..62 2 0 _ 
Sun’s Declination... 2... ee + 812 54 
Elevation of the Equator... 2... 0.0.20... .00.00.020002 5349 6 


Latitude North 2.0... 0.002. ee 36 10 54 
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3. DETERMINATION OF THE TRUE MERIDIAN 


in reference to the Position of the Theodolite. 


From our astronomical observations, the true meridian is deduced for method I. 
by the application of the strict formule, for methods II. and III. generally by an inter- 
polation analogous to formula (II 1.) 


The strict formule which we use for the determination of the meridian are: 


oe re 4/ cos s cos (s — oa) 
aa cos cosh ’ ; (a) 
where 
A= Azimuth 
1 
s=> (e+h-+o) 
¢ = 90°—8; 
or, 
Site i Sa ie OSG tan b=: sin cost (b) 
sin? 


Very often we made direct observations, in connection with the magnetic declina- 
tion, either by taking the corresponding altitudes of the sun at low elevations, or by 
observing the passage of stars, both with the theodolite. 

When remaining a whole day at one place, the observations of the sun at low 
corresponding altitudes are the most simple for determining the meridian line. These 
observations, with a very small correction for the sun’s declination, give the meridian 


line and the apparent noon as immediate result. 


IV. METHODS FOR CALCULATING THE LONGITUDE. 


The longitude, i, e. the second angle of the polar co-ordinate e, cannot be obtained 
by so simple and easy a way as the latitude. 

Much more accurate observations, as well as more detailed calculations, are required 
for the longitude than for the latitude, when the same limits of accuracy are sought for. 

Longitudes can be determined by transportation of chronometers, by observation 
of celestial phenomena, and by the use of signals. 


Our observations of longitudes are chiefly based on chronometers, to which method 
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we give the preference! even in those cases where we have also deduced the longitude 


from celestial phenomena. 


1, LONGITUDES BY CHRONOMETERS. 
Rates of the Chronometers. 


During our journeys we used the following chronometers, marked in our journals 
of observations with the initial signs as in the annexed list: 

Chron. 1, by Parkinson and Frodsham, original No. 2942, one day chronometer. 
Chron. 2, by Parkinson and Frodsham, original No. 1864, ey 
Chron. 3, by Parkinson and Frodsham, original No. 3420,. 4 

These three chronometers we took with us from London, their rate having been 
previously ascertained at the Greenwich Observatory. 

Chron. 4, box chronometer (two day chronometer) by Parkinson and Frodsham, original 
No. 2295. 
Chron. 5, by Grant, one day chronometer. 

These two chronometers were handed over to us from the Madras Observatory, 
1856, March 28. 

We soon found that the latter (No. 5) did not keep its rate well enough for 
astronomical purposes. 

The best of our chronometers was No. 3;? we, therefore, used it as often as pos- 
sible, and we have deduced from it the greatest part of our longitudes. 

During all our journeys, each chronometer was packed in a large bag, stuffed 
with cotton, and carried by a separate kali (bearer), This seemed to us the best 
arrangement to obviate any bad effects, as well from insolation, as from shaking. The 
very satisfactory rates of our chronometers, in spite of our travelling nearly always by 
land, and not by water, may be attributed, in a great measure, to this precaution. 

The rates for our chronometers were ascertained with the greatest possible care, 
as may be seen from the following details. We give first. the data on which the rate 


of chronometer 3 is based, then those for our other chronometers. 


' See Raper, On Longitudes, Nautical Magazine, 1839; Daoussy, Sur la imarche des chronométres, Paris, 1840: 
Licussou, Recherches sur les pendules et les chronométres, Paris, 1854; Shadwell, On chronometers and meridian 
distanees, London, 1855, 

2 This chronometer + been used, previous te our journeys, in one of the Arctic expeditions, as we were told 


al Parkinson's and Frodsham’s office, where it was recommended us a particularly good one. 
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a. CHRONOMETER 3, 1854 To 1857. 


1. Lonpon. 
1854, September 10 to 18. 


Determined by comparison with Parkinson and Frodsham’s standard pendulum clock : 


Mean rate, communicated September 18: Gaining 1-0. 


2. Voyacr rrom SourHamrron to Bombay. 
1854, September 20 to November 24. 


We had arrived at Bombay the 26th of October. 


Southampton, at Noon Greenwich Time, September 20, Chron. 3 ....... 0 0 33-5 P.M. 
Bombay Observatory, at Noon Bombay Time, November 24, Chron. 3 .... 7 752°5 
Difference of Longitude between Bombay and Greenwich, in Time ...... 4 51 16:3 
Chron. 3, referred to Bombay Noon, Mean Time ............-.0.4. . 1159 8:8 
Chron. 3, Bombay, November 24, slow ... 2.2.0... 00 ee eevee . 0 0512 
Greenwich Time (Southampton), September 20, fast .............5. 33°5 

Lost from September 20 to November 24 (65 days) ..........-.-5- 82°7 7 


Mean daily rate: Losing 1-27. 
When on board the steamers, the chronometers were kept in as uniform a 
temperature as possible, and secured from the effects of the ship's motion, by heing 


placed in a thick wrapping of cotton. 


3. Bompay OpservaTory. 
1854, November 24 to December 8. 
Mean daily rate: Losing 05°61. 
The comparisons were made by Lieutenant E. F. T. Fergusson, I. N. 
The following table contains the detail of the comparisons and the variation of 


the daily rate, which may be considered as very uniform. 


' Bombay is freed from error of clock. Longitude Bombay Observatory, 72° 4% 5”, as contained in the Bombay 
Maguetical Observations, 1856, p. ILL, and based on Taylor’s Longitude of Madras = 80° 13! 56”. 
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Bombay : Difference of 
Year, 1854. Mean Time Mean Time Time Chronometer 3 frou Daily Rate. 
by eurrected for Error] by Bombay Mean 
Month.| Day. | Standard Clock. {and Rate of Clock. | Chronometer 3. Time corr. Gaining. | Losing. 
ho oms hom 8 
Nov. | 24 7 0 40:0 452 7°5 
f 25 7 4 44:0 4 52 8-0 
: 26 ise ged ae 
” 27 2 1°75 6 59 52:0 452 9:0 
4 28 59 57:0 452 9-0 
’ 29 59 1-0 52 11 
» | 30 isa re 
Dec. j 1 48 5°5 52 1275 
, 2 2 8:0 53 13°5 
sé 3 
” 4 os oo 
5 55 19-0 52 14-5 
: 6 59 24-0 52 14°5 
” 3 49 49-0 6 59 33-0 4 52 16-0 




















4. Bompay ro Mapras. 
1844-5, December 8 to Iebruary 27. 


Madras Observatory, Chron. 3 at Madras Noon, Mean Time, February 27........ 6 37 40°6 
Difference of Longitude between Madras and Greenwich, in Time ............ 5 20 57:3 
Mean Time at Madras by Chron, 300.0. 0 ee ... IL 58 37°9 
Chron. 3, slow at Madras 2.0... So feairoa hanes kas dese eee 0 1 22-1 
" slow. iat Bombay: ieee gk ee ee Pee ee gh wie @ PRE Dah owe 0 0 51:2 
" lost from December 8 to February 27 (81 days) .......-...--- .. 0 0 30°9 


Mean daily rate: Losing 0°38 
The observations were made by Major Worcester and Adolphe. 
Our (H. and_R.) short stay in Madras made it impossible to rate Nos. 2 and 3 at 


the Observatory itself, but Adolphe’s Chronometer 1 was rated; see p. 104. 


5. Mapras vo Catcurra. 
1855, February 27 to March 8. 


hom & 


Surveyor General’s Office: Chron. 3 at Calcutta Noon, Mean Time, March8 .. 2... 6 5 11°3 
Difference of Longitude between Calcutta! and Greenwich in ‘Time............ 5 53 22-1 
Mean Time at Calcutta by Chron. 3.0.0.0... ite RRA aes teey Be a At cae eh .. 1158 33-4 


P Referred, as nll our longitudes, to Taylor's longitude of Madras. 
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h m 4 
Chron. 3, slow at Caleutta 2.0... ee 0 1 26°6 
‘a slow: ‘at Madras® xi). jocce bck Gate eee tec Pe Ss Rea 0 1 Ql4 
0 0 5:2 


” 


Mean daily rate: Losing 0°:58 
Between Madras and Calcutta, by the Peninsular and Oriental Company’s steamer 


“Bengal”, the chronometers were secured in the same manner as during’ the preceding 


voyage. 


6. Caucurra OssErvatory, 35, PArk-sTREET. 


1855, March 8 to 22. 
Mean daily rate: Losing 0°: 65. 


The daily comparisons were made by Babu Radhanath Sikdar. 
The detail of the comparisons and the variation of the daily rate is given in the 


following table. The readings are referred to Mean Noon Calcutta (already corrected 


for error and rate of standard clock, by Thwaites). 


Time at Calcutta, Daily Rate, Chron. 3. 
Mean Noon, by 
Chronometer 3. 


Year, 1855. 


Month. 


March 


on og 

















' "These readings are evidently wrong, though they do not affect the mean of Nhe daily rate. 
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7. GondArri to CaLcutta. 
1855-6, December 13 to March 26. 


a. Gohatti, December 13. 


Noon, Mean Time at Gohatti, deduced from the observations by Chron. 3 .. . 5 44 15 
Longitude of Gohatti, from the G.T.S.,1 East of Greenwich, 91°43'45”" = 6 6 55 
Therefore Mean Greenwich Time at Mean Noon, Gohatti............. 5 53 5 
Chron. 3, slow at Gohdtti .. 2... ee “0 8 50 


b. Calcutta, March 26. 


Calcutta uncorrected Time by Chronometer Thwaites ..............- 212 OPM. 
Error of Thwaites, at Noon, fast... 2... .-00 0000 ee ee ee 0 51 43-08 
Rate of Thwaites (in 24" gaining 10°-44) in 2 hours ............-.4. 0°8 
Error of Thwaites at the time of comparison ...........0.. 200005 0 51 43-9 
Corrected Time of comparison... 2... 0. ee 1 20 16:1 
Chronometer 3............+.2.0000% kook en eoe WO yet eked ht Baa 7 20 23-5 a.m. 
h m B 

Time by Chronometer 3, at Mean Noon, Calcutta (Thw.—Ch. 3) ......-. 6 0 7:4 
Mean Greenwich Time, at Calcutta, Noon... . 2... 0... ee eee G 6 38:4 
Chronometer 3, slow at Calcutta 2... 0 es 0 6 31:0 


Gohdtti to Calcutta. (a.— b.) 


h 
Chron. 3, slow at Gohatti, 1855, December 13........0.........004 0 8 50:0 
" slow at Calcutta, 1856, March 26 ............... 000008 0 6 31:0 
ai gained in 104 days 2... ee ~~ 2190 


Mean daily rate: Gaining 1°-34, 


8. Simta vo Rauuprinpt. 
1856, May 15 to October 24. 
In the dak carriage, the chronometer was carefully packed away to mitigate the 


effects of the shaking. It was not wound up before reaching Simla. Between this 


place and Raulpindi, it was kept regularly going. 


a. Simla. 


Noon, Mean Time at Simla, deduced from the observations, May 15, Chron. 3 G 28 21 
Longitude of Simla, near General Boileau's former Observatory ....... = 5 8 30-4 
Therefore Mean Greenwich Time at Mean Noon, Simla ............... 6 51 29-6 
Chron. 3, slow at Simla 2. ee ee Boop Se apna te) Sees 023 9°6 _ 


'G.T.S. = Great Trigonometrical Survey. 
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b. Srinégger in Kashmir. 


hom g 


Noon, Mean Time at Srinagger, deduced from the observations, October 24, Chron. 3 6 40 20 
Longitude of Srinagger, fixed for the Shékh Bagh by measuring its distance from 
Lanka Island and Takt-i-Sulaiman, Stations of the G. T. S.': 74° 48’ 30” = +59 14 
Therefore Mean Greenwich Time at Mean Noon, Srinagger .............. 7 0 46 
Chron. 3, slow at Srinagger 2. ee 020 26 
¢ Simla to Srindgger. 
h m s 
Chron. 3, slow at Simla, May 15 2... ee 023 8-6 
5 slow at Srinagger, October 24.......0.0..0 000000 ee eee 0 20 26 
5, gained in 162 days 2.0... 2 ee 2 43 
= 163° 
< ae 2 
Mean daily rate: Gaining 1°-01. 
d. Leh in Ladak. 
1856, July 11 to September 17. 
I m 
Noon, Mean ‘Time at Leb, deduced from the observations, July 11, Chron. 3... . 6 29 24 


Noon, Mean ‘Time at Leh, deduced from the observations, September 17, after our 


return from Turkistin, Chron. 3... ...0.00.0000 000 eee ees G6 29 27 
Gained in 68 days ............. 00000. sine orchard, Los 0 0 3 


The determination of Noon, July 11, is not precise enough to allow an alteration 
in the general rate between Simla and Kashmir. But it shows, at all events, that 


the chronometer had been going uninterruptedly during onr journey in Turkistan. 
5S 3 So J p 


9, Aacra to CALcurra. 


1857, January 20 to April 1. 


At Agra the comparisons were made with Parkinson and !rodsham’s box chrono- 


meter 2325, at the Chief Engineer's Office, by General Boileau’s head assistant, Mr. Nutall. 


1 See the detail at the station Srinagger, Section If., Group VIIL, No. 61. 
2 The Time of the Raulpindi observation, December 3, was referred by direct comparison to Adolphe’s Chro- 


nomeler 1, for which the rate had been ascertained with particular accuracy for this period. 


The comparison gave, Raulpindi 1856, December 3: he ak 
Adolphe’s Chronometer 1........-....-...00.---4.. 6 8 530 


» 36 19°2 


Hermann’s Chronometer 3 
32 35°8 








Chron. 1— Chron. 3.......02.0002. 00022005 
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hom - 
Readings of Chronometer 2325, Agra Mean Time, January 20 ............ 10 35 0 

10 41 0 
10 38 0 
2325 fast on Mean Time .. 2... 2 0. eee ee — 0 Oa 
2325 corrected Mean Time Agra ..... . Bd AS day BS ek cee tele tall de nee tt ge Aso hg 10 37 56 
Corresponding readings of Chron. 3... 2... ee 6 57 37 
3°37 
0 37 


7 
Mean 7 


April 1. April 1. 
Reading of Thwaites, Calcutta Mean Time. | Yorresponding Readings of Chron. 3 

h m 8 | h m 8 

4 3 0 pM. | 9 46 59°4 ALM. 
4 6 0 9 49 59-0 

4-7 9 9 50 59:0 

4 8 0 | 9 51 59°0 

49 0 9 52 59-0 

417 0 10 0 59-0 

4 18 50 | 10 1 49-2 

| 


Mean 4 9 50:2 | “Mean 9 53 40-7 


Error of Thwaites at 4" 12™ p.m.: fast 1" 56™ 59-9 iornge. 
Corr. Mean Time at Calcutta... 0 eee 2 12 50°3 
Chron. 3, slow at Calcutta 2... ee 419 9°6 
Longitude, I. Green., of Caleutta, in Time... 0. ee ee 5 53 22-0 
‘ 4 of Agra Bg iy a als Be tr othe dah ote Ren a 312 66 
Difference of Time by Longitude»... 0... 02. eee eee 041 154 
Chron. 3, slow at Calcutta 2.2... ee es 419 9-6 
5 slow at Agra Stine, Sai We at ele Be be, dona SE iitelad amenre tbo See ae Mee aude 3 37 19-0 

Difference of Time by Chron. 3... 20.0... 0.00002 eee fees 041106 
Therefore, Chron. 3 lost from January 20 to April 1 (71 days) ......... 0 0 35-2 


Mean daily rate: Losing 0°:49. 


10. Cancurra. 
1857, April 2 to April 1s. 
By direct comparison with the clock of the Calcutta Observatory was found: 
Mean daily rate: Losing 0°: 57. 


The details are: 
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Year, 1857. Time at Calentta Chron. 3, Daily Rate. 
Mean Noon Se ae, 


Month. Day. by Chron. 3. Gaining. 


™m 


40 56-23 
40 54°79 
40 53-60 
40 53°56 
40 53-29 
40 53.80 
40 50.70 
40 49-62 
40 49-69 
40 47°13 














11. Cancurra to Mapras. 
1857, April 1 to 27. 
Comparisons of the Chronometer Arnold 392, of the Madras Observatory, with 


Chron. 3. 3 
Arnold 392. Chron. 3. 
Madras Mean Time. 

h m Bb h m 8 
4 29 30 12 35 14 
4 30 30 12 36 14°4 
4 31 30 12 37 14°4 
4 32 30 12 38 14:4 
4 36 30 12 42 14:4 

Mean 4 32 6 Mean 12 37 50:3 


Error of Arnold 392 at 4" 30™ p.m.: fast 7™ 138-2 


Corr. Mean Time at Madras .. 1... 200 0c ee 4 24 52°8 
Chrons 3o'slow <i, fie Sige oat oe teed AT Ra a te alg 4 Seta nat Date als 347 2:5 
Longitude, E. Green., of Calcutta, in Time... 2-6 - ee ee  e e 5 53 22°0 

2 3 a of Madras wte®  o Mucgeduly cel eats Sorte See eek 5 20 57-0 
Difference of Time by Longitude... . 2... ee ees 0 32 25-0 
Chron. 3, slow at Calcutta 22.02 ee 419 9°6 

7 slow at Madras 2... 0. ee 347 2:5 
Difference of Time by Chron. 8 2.6.2... ee 032 7-1 
Therefore Chron. 3 lost from April 1 to April 27 (26 days) ............ 0 017'9 


Mean daily rate: Losing 0*:69. 
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The rates adopted for this chronometer, as well as for the others, during the different 
periods of our travels are contained in the General Table of Rates, p. 109. 

The rate varied very little and with a certain regularity. The chronometer was 

gaining or losing, according to the changes of temperature, a fact which was ascertained 

by us, and afterwards corroborated by Professor Bruhns, in two extensive series of 


ratings, made at the Berlin Observatory from June to August, 1857, and from October, 


1857, to January, 1858. 


b. CHRONOMETERS 1 AND 2; 1854 ro 1856. 
1. Lonpon. 


1854, September 18. 
London, compared with Parkinson and Frodsham’s standard clock: 


Chron. 1 (Or. No. 2942). Chron, 2 (Or. No. 1864). 
Stand: slow 12-0 Stand: slow 57-5 
Rate: Losing 2:0 Rate: Losing 2:3. 


2. Voyacr rrom SoutHamptTon to Bomsay. 
1854, September 20 to November 24. 


Southampton Noon, Greenwich Time, September 20: 
Chron. 1: 11" 59™ 44°-0 Chron. 2: 11" 58" 57°-9. 


Bombay Observatory at} Noon, Bombay Time, November 24: 
Chron. 1: 7 5™ 35° 5a.m. Chron, 2: 7" 3™ 36°°5 a.m. 
Chron. 1. Chron. 2. 
Rate: Losing 2°°65 Rate: Losing 3°: 77. 


Bombay Observatory at Noon, Bombay Time, November 24 to December 4. 


Chron. 1. Chron. 2. 
ho m a h m 8 
November 24 7 5 35:5 a.m. November 24 7 3 36°5 a.m. 
December 8 75 2 a.m. December 8 73 1 a.m. 
Rate: Losing 2-39 Rate: Losing 2:54. 


The rate obtained for each day is shown in the following table; the numbers 
united by braces are mean results for this group of days, without including direct 


observations on the single days: 
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Chronometer 1. Chronometer 2. 



































Non Day. [Losing.|Month.| Day. |Losing.||Month.| Day. |Losing.|Month.| Day. | Losing. 
8 8 8 8 
2°50 | Dec. 2 | 2°50 2:0 | Dec 2°5 
2°75 3 3 | 2:00 2°5 3 2:5 
a 4 | 2°00 2°5 ” 4 2°5 
2°00 a 5 | 2-00) 2°0 ” 5 2°5 
3°50 95 6 | 2-00 3°5 5 6 2°5 
2°50) ,, 7 12-25 71, 7 | 25 
2: § 2° 8 2°5 





















3. Bompay to Manpras. 


1854-5, December 8 to February 27. 
Madras Observatory, at Madras Noon M. T., 1855, February 27. 


Chron. 1. Chron. 2. 
Gb 3f™ 41°°S a.m. 6 29" 48°°5 aM. 
Bombay Observatory, at Bombay Noon M. T., 1854, December 8. 
Chron. 1. Chron. 2. 
“77h 5m 28 ALM. 7h 3" 18 ALM. 
Rate: Losing 3°:12 Rate: Losing 3°05. 


At the Madras Observatory the daily rate of Chron. 1 was determined from 
¥ebruary 12 to 26; the following results were obtained: 


Chronometer 1. 


Losing. ' Losing. Losing. 
February 13 3-17 February 18 2-70 February 23 2°73 
«14 2°84 » 19 2-82 » 24-248 
es 15 3°50 49 20 3°07 % 25 2:40 
16 2°46 . 21 2°00 “3 26 2°70 
5 17 2°37 - 22 2°73 


Mean Rate: Losing 2°71. 


4. Mapras to Caxcurra. 
1855, February 27 to March 8. 
Surveyor General's Office, Park-street, Calcutta Noon M. T., March 8. 


Chron. 1. Chron. 2. 
5h 58" 408-8 5 5» 57™ 08-3 
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Madras, Noon M. T. February 27: 
Chron. 1. Chron. 2. 
Gh 31™ 418-8 a.m. 6h 29™ 48°°5 alM. 
Mean Rate: Losing 1*-4. Mean Rate: Losing 2*- 60. 


At the Surveyor General’s Office at Calcutta the daily rates obtained by direct 


comparison were: 


Yhron. 1. . Chron. 2. 
Losing. Losing. Losing. Losing. 
March 9, 4°77 ’ March 14, 2°25 March 9, 4°97 . «14, 3°25 
» 10, 2°43 » 15, 2°81 » 10, 3°43 , 15, 2°31 
» 12, 2°49 » 19, 3°05 » 12, 3:49 » 19. 3°70 
» 13, 4°48 » 20, 4°28 » 13, 4°48 » 20, 2°78 
Mean Rate 3°32 Mean Rate 3°46 


Chron. 1 was purposely allowed to run down, since we wished to take one chro- 
nometer with us, carefully packed away, in order to see how far this plan would avail 
in keeping the rate uniform. 

Chron. 2 stood, when last compared at Calcutta, a day before our departure: 

1855, March 22: 5% 56™ 17°-2 at Calcutta Mean Noon. 


1855, March, to 1856, April. 

During this period, chron. 1 could be used only for the determination of 
intervals of time, when observations of latitude or of horizontal magnetic intensity 
by vibrations were made; the time read must be considered as arbitrary; for on the 
way from Calcutta to Nainital we had packed it away in a large stuffed bag, in 
order to prevent alterations in its rate by the heavy shaking of the dak carriages. 

Both chronometers were also taken with us on our journey to Gndari Khoérsum; 
bat both got injured. 

a. First period. Chron. 1. While we were crossing the Sakh pass on the night of 
July 16, in secrecy and disguise, this chronometer fell off a little stone, on which it 


had been deposited with other luggage during a short halt. An alteration of the rate 


g 
ensued, the amount of which was again determined at the Masstri Observatory, 1855, Nov. 
The rate, ascertained by J. H. Hennesser, Assistant G. 'T. S., was found to be: 
Chron. 1, Losing 1%: 2. . 
Chron. 2 was kept going from March to July 13, 1855. At A Laptél we 
found that it had stopped, though we were unable to assign any reason for its so 
1, 14 
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doing; comparisons with chron. 1 showed, however, that it had kept its rate. We set it 
afresh at Laptél, and it continued going till after we had reached A Dira, August 12. 
When set again, it kept the rate as before, till A Ulla Tingding, 1855, September 7. 
Chron. 2, 1855, July 14, Mean Noon, 6" 21™ 57°, 

We adopt, as rates for the periods ‘detailed above, the mean of all the preceding 
rates, viz.. for 

Chron. 1. Chron. 2. 

Losing 2°-46. Losing 2°-85. 

Frequent mutual comparisons of the two chronometers were made during the journey, 
and they showed that both chronometers kept their rates. Chron. 1 had been keyed 
and compared with Chron. 2 at Nainital. 

8. Second period. Chron. 2. When Adolphe was the second time out in Gnari 
Khorsun, the Bhitia, Ramu, who carried the instrument, fell down a precipice near 
\ Ulla Tingding, 1855, September 7, and was dashed to pieces. Singularly enough 
the chronometer was not stopped by this accident, its rate, however, was inuch 
altered, and became very variable. The chronometer was partly repaired at Simla, in 
April, 1856, but we did not find it advisable to use it again as a chronometer atter 
this catastrophe. 

y. Third period. Chron. 1. 1856 and 1857. The rate of chron. 1 was found at 
Simla to be losing 1*-7, and this rate has been adopted in the calculations ax far as Dah. 


At Simla, May 15, Mean Noon Simla Time, we had 


hom x 


Chron. 3. 6 28 210 a.m. 
Chron. 1. 6 25 21) a.m. 


When Adolphe passed through the Chetanga valley, the kul with the chronometer 
remained behind, and the chronometer ran down. 

It was wound up at Hushe, 1856, July 14, and from then gave arbitrary time. 

A similar accident took place again near Tishing, September 22. 

From this date, up to the period to which our brother’s observations, as far ax 
they have been recovered, extend. the chronometer appears to have kept going without. 
stoppage. 

From 1856, July, to 1856, October, the rate adopted was -- 0°:0, which also agrees 
with comparisons at Srindgger with chron. 3, the rate of the latter being == 1°:01 gaining. 


‘The observations of chronometric longitudes, as far as Dah, were referred to Simla; 
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from 1856, September 20, Srindgger was the place of reference. But for the short 
isolated period from 1856, July 8 to September 20, we were obliged to take Shigar 
ay the starting point. We adopt as longitude of Shigar, from the most careful com- 
putation of various distances, 75° 45’ 30”. 
For Srindgger Mean Noon we obtained: 


hom 4 


October 24, by Chron. 3, 6 40 20 
by Chron. 1, 7 14 22. 


” 


1856-7. 
For the observations during the last period of our brother’s journey we deduced 
the rates of chron. 1 from the observations at Marri and at Déra Ismael Khan. The 
longitudes of these places are taken from the G. T. 8. as detailed below, where our 


own observations are given. 


Marri. Déra Isméel Khan. 
Long. E. Gr. 73° 22'°7 — in are Long. E. Gr. 70° 567°5 — in are 
‘a ‘a 4" 53™ 31° in time a ‘ 4" 43” 468 in time 
Mean Noon... 7" 19™ 30" Nov. 13, 1856. Mean Noon.. 7" 23™ 10° Ieb. 25, 1857. 
m gk 
Difference of Longitude. ........... 9 45 
of the Mean Noons........ 3 36 


Lost in 104 days 369 
Mean Rate: Losing 3°°55. 


c. CHRONOMETER 4; 1856 70 1857. 
Chron, 4 is a box chronometer by Parkinson and Frodshun, with the original 
number 2295. 
We received this instrument through the kindness of Major Jacob, the Govern- 
ment Astronomer in Madras, March, 1856. 
Its rate was large, but it remained pretty uniform when the chronometer was 
left undisturbed tor some days in one place. 
The rates determined are: 
at Madras, March 1856, Gaining 7 


at Leh, July 1856, Gaining 14°0 
at Bombay, April 1857, Gaining 13-0. 


A series of careful comparisons with chron. 3, during our journeys between Simla and 
Kashinir, has, however, shown that its rate increased considerably, and sometimes be- 


came irregular, when the instrument was carried about. 
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The following table shows the result of the different comparisons. They are 
formed into two groups, in consequence of chronometer 4 having run down during 
our ascent of the Elchi pass, when we were obliged to leave the chronometer, together 


with our other luggage, behind on the glacier. 























Chron. 3. Chron. 4. Rate, of Chron. 4. 
Year, 1856. Corr. for Rate 
Poe Geet Reading. Interval of Time. | Rate: Gain, 
ho om 8 hom 8 
Simla, ...... May 18 3.58 37 3 58 31 * 
| May 18 to July 12 19°9 
Leh, ....... July 12| 627 41 6 45 50 } 
July 12 ,, July 16 14:0 
Behiy- soe. seus as July _ 16 8 13 20°2 8 32 25 
‘oe July 16 ,, August 2 (43-1) 
Sdsser pass, ... August 2] 11 33 57 12 5 15 f ee eas is 
; August 2 ,, August 3°8 
Kitk—Kidl,.. . August14| 2 3913-2 ; 3 13 15 ‘ s haat : - ie 
August 14 ,, August 2 72 
| Above AStmgal, August 21} 8 15 13-4 ) 8 51 15 | - 
| 








On the rugged ascent up the southern slopes of the Sasser pass, chron. 4 seemed 
evidently to have been affected by the heavy shaking, and the rate obtained by the 
comparison on the Sasser pass is therefore quite an exceptional one. Later, the original 
rate very nearly returned. . 

When travelling together (Hermann and Robert) from Leh to Turkistan, we never 
had occasion to use chron. 4, chron. 3 being always in perfect order. But at Kargil, 
before we separated, it was set and compared again with chron. 3. The comparison 


was subsequently repeated at Srindgger and Raulpindi. 























Chron. 3. Rate of Chron. 4. 
Chron, 4. 
Year, 1856. Corr, for Rate 
XIN=Gain 18:01, Reading. | Interval of Time. | Rate: Gain. 






| hom « hom 8 
Kargil, . . tober 9 1 56 15 2°13 40 # 
avgil, VE b sera frit { | October 9 to October 30 17°6 | 
Srinagger, October 30 330 5 325 5 | 
rnagger, etober | i | October 30 ,. December 3 13°4 | 
| | | 


Raulpindi, December 3 3.0 25 | 3 31 35 


| 


On the way from Kargil to Bombay, trom October, 1856, to March, 1857, where 











I (Robert) had only this chronometer with me, I used it also for the determination 
of longitudes, adopting as mean rate: Gaining 15°:0. This rate it seemed to keep 


on an average tolerably well for longer periods of time. 











Epochs and Periods. 





TABLE OF RATES 
ADOPTED IN CALCULATING THE CHRONOMETRIC LONGITUDES. 











Chro- Mean Local Noon. Rate. 
fe ye Routes. Observer.] nome- Ne 
7 ter. : . of Rate. 
Year. Month and Day. Station. | Date. Time by Chron. | Gaining. | Losing. 
[ i hom os 3 ‘ 
1854-5 | Dee. § to Feb. 27 Bombay to Madras H.A.R.| 1 | Bombay | Dec. 8 | 7 5 2 am. 2°39 I. 
| 7 i 7 tn 2 ‘e Woe Dax 254 | OL 
ae ae ‘ : 3 . 3 i | ea. he EOP 0-38 | Il. 
1855 | March 22 to July 16| Calcutta to Sakh pass Ake bt Arbitrary time 246 | IV. 
1855 | March 22 to Sept. 7 | Calcutta to A Ulla Tingding} A. R. | 2 aes a ; - 2, 2°85 Vv. 
1855 | March 8 to April 16] Calcutta to the fvot of 
| Sikkim, Himdlaya ee 3 | Caleutta | March 8 | 6 5 11°3,, ia 0-58 Vi. 
1855 | April 17 to July 29 | Sikkim, Himalaya H. 3 | Calcutta | March 8 | 6 5 11:3,, 0°5 ee Vil. 

| 1855-6 | November to May 15 | Southern India to Simla A. 1 Arbitrary time 1:2 Vil. 

; 1855 | July to October Bengal to Khassia Hills H. 3 Arbitrary time oa] 

| 1855-6 | Oct. 20 to Jan. 10 | Khassia Hills, Assdin H. 3 | Gohdtty | Dec. 13 | 54415, 0:17 IX. 

| 1856 | Feb. 26 to March 26 | Bengal H. 3 | Calcutta | March 26; 6 0 7 ,, o-17) 

' 1856 | May 15 to July 6 Simla to Dah A. 1 | Simla May 15 625 21 ,, sai%s 17 X. 
1856 | July 8 to Sept. 20 | Hushe to Tashing A. 1 {| Shigar August 5| 6 32 44 0 0 XI. 
1856 | Sept. 21 to Oct. 24 | Kinibari to Srinagger A. | 1 | Srindgger| Oct. 24 | 7 14 22 0 0 Xu. 
1856 | March to May Bengal to Simla H. 3 Arbitrary time 1:01 XI 
1856 | May 15 to Oct. 24 | Simla to Srinagger H.R. | 3 | Simla May 15 6 28 21 7 man : 
1856 | May to December Simla, Khétan to Raulpindi R. 4 Arbitrary time 15°0 | XIV 
1856-7 | Dec. 17 to Feb. 24 | Raulpindi to Karrdchi R. 4 | Raulpindi| Dec. 17 | 471821 =, | 15-0 4 , 
1856-7] Nov. 13 to... .. | Marri to Turkistan A. 1 | Marri Nov. 13 7 19 30 3°55 XV. 

| 1837 | January to April Lahor to Calcutta H. 3 | Agra Jan. 20 8 22 41 0-49 | XVI. 
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2, LONGITUDES BY CELESTIAL PHENOMENA. 


Longitudes can be deduced from celestial phenomena that are affected by paral- 
lax, as: 

Eclipses of the Sun, Transits of Mercury and Venus through the disc of the Sun, Occultations 

of Stars by the Moon, Lunar Distances, cither from the Sun or from Stars,! Altitudes of the Moon; 
and from celestial phenomena without parallax, as: 


Eclipses of the Moon, Immersions and Emersions of the Satellites of Jupiter,? and Culminations 
of the Moon. 


The observations of Jupiter’s satellites have only recently acquired an unexpected 
accuracy by the nice calculations of Damoiseau. 

Argelander, Pogson, and Julius Schmidt have calculated the epochs of the maxi- 
mum and minimum intensity of more than twenty variable stars. But though in theory 
such observations would give very easy determinations of longitude, they cannot be 


practically used. 
a, LUNAR DISTANCES. 


We used theodolites only, not sextants, for lunar distances, a method to which 
also all the formule given below are referred. 

For calculating longitudes from lunar distances, « = the Mean Local Time, must 
be known. We have deduced it from ‘altitudes of the sun (see p. 84 et seq.). 

@ = Latitude of the place, needs only to be known within one degree, to be 
able to find, with sufficient accuracy, the correction for parallax (see p. 7%). 

From observations with the theodolite, we do not obtain, as we do with the sex- 
tunt, the co-ordinates of both celestial bodies at exactly the same time, but with a short 
space of time intervening; an interpolation, therefore, in ‘reference to one of the 
celestial bodies is required for reducing it to the exact time of the other. 

The various modes for the interpolation are given in detail (p. 79 et seq.); generally, 


however. we have only employed an interpolation with reference to the terms of the 


\ Professor Hansen's detailed tables, published only in 1859, have superseded Burckardt's former calculations, in 
which the error (gradually increasing every year) now exceeds 5 seconds. 

2 Immersions and emersions of the satellites of Uranus cannot be observed with portable instruments of the 
size used by travellers. It is but recently that Professor Lamont, the well known astronomer al Manich, has 
published very detailed and elaborate elements in reference to two satellites of Saturn., 


+ The appearance of Uansen’s tables. 1859. renders the calculation of these observations much more accurate. 
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first order, the terms of the second order being below the limits of our calculations 
and observations. ; : 

The co-ordinates of both celestial bodies having been first reduced to the same 
exact moment of time, the apparent altitudes have been transformed by the applica- 
tion of the respective values of parallax and refraction into trne and geocentric altitudes 
(see p. 77 et seq.). 

The azimuthal parallax produced by the ellipticity of the earth has been taken 
into consideration, but quite approximatively, since it never exceeded, for our obser- 


vations, the tenth of a minute. 


It hand h! = the geocentric Altitudes of the two celestial bodies. 
A = the are of the Almucantarat of both, 
1) = the true geocentric distance, 


we find PD trom the simple formula: 
cos D = sinh sinh’ 4- cosh cosh’ cos A. 

The Greenwich time corresponding to this distance is found by the aid of pro- 
portional logarithms. (For lunar distances taken by a sextant the formule are much 
more complicated; moreover, in this case, the geocentric distance can only be fownd 
hy the process of several approximations.) 

The difference between the observed mean local time and the mean Greenwich 
time, which is deduced from the observed lunar distances themselves, gives as imme- 
diate result the difference of longitude between Greenwich and the place of observation. 
Imnar distances can only give a satisfactory result for the determination of longitude, 
when observed with the greatest possible accuracy. The distance of the moon 
from another celestial body changes in three hours’ time only to the extent of one 
and a half degree. It is evident that if there be an error of but 30 seconds in are 
in the observation of distance, this slight deviation from the true distance will result 


in an error of 15 minutes in are for the longitude. 


Lvample for calenatating Longitude by Lunar Distances. 
Station No. 21. Raunpinys. 1856, December 2. 


Moon’s Lower Limb. 


1856, December 2. Horizontal Circle. Vertical Circle. 
h m a o f “ ° ‘ tt 

u = 129 4 He 250 49 40 ho 20 57 25 

uw 1 51 39 H! 255 9 25 h’ 17 57 15 
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Jupiter. 
h m s ° ' “ ° t “u 
u, 14417 H, 204 10 30 oh, 54 39 45 
8 o 
721°4 millim. 13-2 CG. 
Barom. : T . of Air 
28°402 inches. Rs 55°8 Vahr. 


I. Interpolation (preliminary calculation). 


w—ue = 22 35 
ue = 15 13 
H—-H= 419-7 
hl’ —-h =— 3 0:1 
We obtain with these values the following two equations: 


1. for AA 

22" 35°: 15™13° = 4°19''7: AH; 
2. for Ah 

22" 358: 15™13" = 3°0':1: Ah. 


These equations give / : 
° ‘ 
AH = 2 55-0 
Ah = 2 1°3, 


and with these values, we obtain the following interpolated observation for the moon: 
1" 44™ 178 253° 44'°7 18° 56:1. 
I. Reduction of apparent altitudes to true geocentric altitudes. 


Horizontal Equatorial Parallax of the Moon for the time of obser- 


vation = 572 log 2... ee == 1°757 
log cos of the approximatively corrected Altitude'.......... 9-974 
log of Parallax in Altitude... ........... es cdh ple Soc becge ab eh yd 1-731 | 
Parallax in Altitude 2.2.02 2 ee ee 53/9 
: Moon. Jupiter. 
Apparent Altitude 2... ...-.0004. 18 56-1 54 39:7 
Parallax® 3.3 eciee Bo de} bib ewes aad -- 53-9 0-0 
Refraction 2... .-..00 00.0208 ee — 26 — U6 
Semidiameter of the Moon. ......... + 15-6 Dats 
True geocentric Altitude ..... 20 3-0 54 39-1 


' This value is obtained by a rough application of semidiameter, refraction, and parallax to the observed alti- 


tude (see p. 77 et seq.). 
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IL. Calculation of the geocentric distance. 


H = 253 44°7 
H, = 204 10°5 


‘ 


Arc of the Almucantarat? ... = 49 34-2 = A 


log sinh 9+91150 log cosh 976234 
log sinh, 9°53509 log cosh, 9°97285 
log cos A 9°81192 


9° 44659 9°54711 _ 
0-27963 
*0 35246 
0-63209 


log = 9:80078 
Arc = 50° 47'°7. 


IV. Determination of the longitude. 
Lunar Distance for the Meridian of Greenwich. 


1856, December 2. 


0” Greenwich. 35 Greenwich. 
51° 58-6 50° 197-5. 
Variation of the Moon within 3 hours. ....... 1 39-1 
Distance at 0" — observed distance ....-....- 1 10:9. 


These two values give the following equation: 


99’-1: 70'-9 = 180™: x; 


therefore z = 2" 8™ 48° = the corresponding Greenwich Time. 
Lh m 6 
Time by Chronometer. ........ 13 44 17 
Mean Local Noon by Chronometer . 6 46 25 
Mean Local Time ........... 6 57 52 : 
Greenwich Time ...........0. 2 8 48 


Longitude East of Greenwich .... 449 4 


db. LONGITUDES BY ECLIPSES OF THE MOON. 


Kelipse observed at Pashinin in Kishtvar. 1856, October 13 to 14. 


Latitude North. Longitude East Green. Height. 
33° 57’ 75° 41’ 30” 8,350 feet. 


' The Azimuthal parallax has been neglected in the calculation. 


1, 15 
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The latitude and longitude of Pashmin is deduced approximatively from our 
itineraries; but this eclipse could be referred by chron. 3 directly to Srindgger, the 
rate of the chronometer being very well known, and the time being determined soon 
after our arrival in Kashmir, October 24 and 25. 

Though: from eclipses of the moon longitudes cannot be deduced with the greatest 
precision, on account of the phenomena to be observed not being sufficiently well 
defined, these observations were nevertheless of particular interest font the nature of 
the physical phenomena attending this present eclipse. 

In eclipses, the atmosphere produces, bésides the shadow of the earth itself, an- 
other secondary shadow, which veils, as it were, the shadow proper of the earth in 
forms often indistinct and diffused, and modified by atmospherical phenomena, such 
as clouds, haze, &c. 

According to circumstances, the forms of this atmospheric shadow are variable in 
each eclipse, being sometimes spherical, and at other times of very irregular curvatures. 
The magnitude also of this shadow is extremely variable, on some observed occasions 
extending over a space of three minutes of arc, as in the year 1772, on others of one 
minute, as in 1773, and sometimes even less. The magnitude of the penumbra itself 
is also subject to similar variations. It was observed to precede the nucleus of the 
shadow from 2 to 10 minutes of time; in April, 1818, it even preceded the nucleus 
by 15 minutes. — 

For 1856, when L (Hermann) had oceasion to observe the moon's eclipse, no stich 
observations by others of the magnitude of the penumbra are known to me. 

1 found the magnitude of the penumbra equal to the semi-minor axis of the Mare 
crisium. According to various observations, the shadow of the earth itself required 


the following times for passing through the whole breadth of Mare crisium: 


Observer. Time. 
Newmiayr-. 2 be 6s gee ee ee 6 22 
Niehour sc. 3 68 bee ke eee baw eee 7 0 
Ruinker seek a ae, 6 yh ho ESS 5 4] 
Schmidt... 00 2 ee 7 10 

Mean..... 6 34 


Half the value of this time is 3" 17°, and this value of the magnitude of the 


penumbra I adopted for the calculation of longitude from occultations of Tycho and 


Mare crisium. 
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Ospservieo Incress or Various OBJECTS ON THE SURFACE OF 'THE Moon. 
a. Circellus Tycho. 


This high circellus forms, on account of its radiated and extremely ramified 
system, the most conspicuous object on the surface of the moon, and is very favourable 


for observations of ingress. It is situated in the south-east quadrant of the moon. 


The following observations of the ingress of Tycho have been made in Murope. 
Yor convenience of direct comparison we have reduced the observed local times to 


Greenwich time: 
































Ingress of Tycho. 
Place of Observation. Observer. 1 
é First Limb. Centrum. | Second Limb. 
hom os | hom os 
Hamburgh....... Neumayr .... Se 9 40 55 
Beak Dh es Niebour..... 9 40 26 | 9 41 2 
Altona... 2. ee. Peters...... ie 941 0 
Hamburgh 2.2... Riimker..... 9 40 27 941 #1 
in 9 theca Schmidt... . . 9 40 46 941 21 
Hoya in Hanover . .}| Winnecke 9 39 45 9 40 15 
Mean ..... 93924 | * 94021 | 94056 
At Pashmin I had: 
Ingress of the Centre of Tycho in the Nucleus, he ake 
Mean Local Time of, Srinagger ..... . 14 44 58 
Observed Magnitude of the Penumbra... . 3.17 
First Contact 2... ee ee 14 41 41 
Ingress at Greenwich .......... 9 40 10 (Mean from first and second Limb 
Srinigger East of Greenwich in Time 5 1 31° of Tycho): 
” 7 in Are = 75° 22! 40". ° 


b. First Limb of Mare crisium. 


This Mare is an extensive and well defined circular depression, which to the eye 
appears to make an ellipse in the north-west quadrant of the moon. 


* 


1 


or 
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Place of Observation. Observer. Ingress of the first Limb. 


h m 8 


Neumayr . . 10 22 0 
Niebour .. 10 23 36 
Riimker . . 10 24 24 
| Schmidt . . 10 23 51 


Mean... 10 23 28 








These are, as far as I know, the only observations of Mare crisiun taken in 


Europe. The great variations in the observed time show that the observations are 


extremely difficult. 


I observed at Pashmin: ’ 
Ingress of the first Limb of Mare crisium at... .. oe eae ee 13 30 u (Srinagger Time) 
Observed Magnitude of Penumbra ..... 2.0.0... 0. 0000. 3.17 
First’ (Contact:<icics gS ohh ei hee 4 EY ed abc el ge aad 15 26 54 

Ingress by Greenwich Time .......-.-...-.000--- 10 23 28 
Svinagger, East of Greenwich in Time .............. 5 3 26 
In ATC. sae ent De. = 75° BI 30) 


Explanation of the Plate. 


e . 
The first part of the plate represents the motion of the moon through the 
shadow of the earth. The horizontal line represents a part of the ecliptic. It is 


intersected by a second line at an angle of 5° 40’, which is the angle formed hy the 


relative orbit pf the moon with the ecliptic. 


The bor. mot. of the Moon is: In Latitude .............. - AB = 4 31 
In Longitude ..-....---, <. sz AX = + 38 5 


ay ” 
For the Sun, the hor. mot. is . 2... ee ee = AV= {| 2 39 


The relative motion of the Moon in reference to the shadow of the 
Farth is therefore... ....- Pde PeNie bth Sea eS ae ae oY - ALs= 35 26, 


A 
are tine - §° 404 


aL 
-- 29' 44” North 
10" 59™ Green. ‘Time. 


“ind the Angle of the relative orbit of the Moon ........-.-. 


& Latitude of the Full Moon’)... .000.0002.02-.0000005 
Full Moon at Succ Se ew ane eee ds oa ema RS ee 


Starting with this time, the ecliptic has been divided into hours. The figure 


| For details in reference to the longilude we adopl, see Srimigger, slation 61. 
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shows for every moment the position of the moon in reference to the shadow of the 
earth. : 

The second part of the plate contains three figures, which show the three parts 
of the earth as selenocentrically seen at the beginning, at the middle, and at the end 
of the eclipse. 

By these three figures, which are purely mathematical, without regard to the 
refraction, it can, at the same time, be seen through which parts of the atmosphere 


surrounding the earth the sun’s rays were refracted before reaching the moon. 


Physical Remarks. 


The beginning of the eclipse took place October 14 at about 2” 24" a.m. local 
time; the atmosphere being perfectly clear, and the sky without a cloud in any 
direction. 

Particular attention was directed to the appearance of the milky way. The 
part of the heavens where it was expected to appear was pointed out to Mani, one of 
my people, who was told to call out as soon as he could observe it. 

The milky way became visible at 3° 57", or 1" 33™ after the beginning of the 
eclipse, singularly enough precisely coinciding with the maximum of the eclipse. At 
Santiago in Chili, Director Moesta’ also saw the milky way appear in the moment. of 
the greatest darkness,—in this agreeing more exactly than could have been expected 
with my own observation. 

I also directed my attention to the changes of darkness during the progress of 
the eclipse. The obscured limb of the moon remained perfectly visible through the 
telescope from first to last. The darkness of the shadow was decidedly greatest at 
the beginning; for the first five minutes I could not distinguish any forms on the 
surface of the moon; but even during this period the limb remained visible in the 
telescope. The colour of the obscured part was that of Chinese ink, with a taint 
yellowish lustre, very similar to thick Chinese ink, when dried upon porcelain. But 
by degrees the darkness became less intense: the colour changed into a violet. tint, 
and gradually became less and less dark. 

Ten minutes after the beginning (2" 34™), the larger forms already appeared, but 


just distinguishable. as if drawn with ink on smoky paper. 


' Astronomische Nachrichlen, 1857, No. 1066. 
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Noon after the nucleus had reached the Mare crisium, the penumbra was no 
Jonger visible, since the general intensity of the shadow had decreased. 

During the middle of the eclipse, the obscurity had so much diminished, that in 
the telescope all the chief forms on the moon’s surface could be seen; Mare crisium 
could be distinguished even. with the naked eve.’ The colour had now become 
iu reddish violet. 

As to the intensity of the darkness at this time, I can best give an idea of it 
by comparing it with the result of an experiment made by myself the following morning: 
The surface of a rotatory cyanometer’, I found, best represented the colour of the moon, 
when 65 per cent. of its surface was covered with cobalt blue of the colour of the 
cake, with 5 per cent. of white, and 30 per cent. of carmine red. The resulting intensity 
of colour, compared with the white surface of paper, also seemed to me approximatively 
to represent the difference of intensity in the light between the illuminated and 
obscured part of the moon. 

Later I could not observe any increase in the darkness. 26 minutes after the last 
observations in Mare crisium, at 3" 53" a.M., Srindgger time, the moon disappeared behind 
mountains; though, independently of this, the end of the eclipse would not have been 
visible, on account of the setting of the moon. A red, similar to that observable at 
sunset was not seen, the tint that appeared being rather comparable to the colour 
below the antecrepuscular are on a very fine day. 

In reference to the phenomena of light and colour observed, particular attention 
may be directed to the distribution of atmospheric moisture and rain in the marginal 
zone. There is scarcely any other month in the year, when, in the actual position of 
the earth towards the moon, the probability of a clear sky, or at least the absence 
of rain-clouds in the torrid and temperate zones, is greater than in the month of 
October. Besides, in by far the greatest part of the northern half of the periphery 
the atmospheric zone rests upon land. 

The latitude of the moon being northerly, the atmospheric conditions of this 


part are those which chiefly influence the colour of the moon, and the reddish tint 


1 A similar appearance was observed by Maedler, 1833, December 26. Compare also previous observations of 
Ielfenzrieder, 1776, Schrater, 1790. “Der Mond, von Beer und Maedler”, Berlin, 1837. p. 140: 

2 As figured Plate X., fig. 1, in our “Untersuchungen iiler dic physikalisehe Geographie der Alpen” 
Leipzig, 1350. 
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> 


being considered priucipally as the etfect of atmospheric moisture, the circumstances 


above mentioned must have considerably modified its intensity and colour. 


To complete the methods which can be used for the determination of longitudes, 
we have yet to mention the use of terrestrial signals. 

Such observations can only be taken, when the distance of two respective stations 
does not exceed a certain amount. Heliotropes are to be used during the day time, 
and strong disappearing lights for the night. Among the latter, we name Argand’s 
reverberatory lights, and especially the Drummond lights, which are visible, even in 
hazy weather, at a distance of trom 60 to 80 miles. They are very generally used 
by the Great Trigonometrical Survey of India.' 

Vor greater distances, telegraphic signals have been used with great success for 
verifying the longitude of different observatories in Europe. In India also Sir 
W. B. O'Shaughnessy has receutly commenced such experiments.’ 

We employed lunar distances (example, Rauwlpindi, station No. 21), and in one 


case the eclipse of the moon at Pashmin. 


V. METHOD OF EQUATIONS OF CONDITION. 


This method was employed for stations, for which the nature of their position, 
or the material of the observations, made it desirable to enter more into detail. the 
values of p and ZF having previously been ascertained by a first approximation, 
according to one of the methods explained above.’ 

The first approximation is based on two or three values, but it is insufficient in 
itself to take into consideration the values of the other observations. 

The application of the method of equations of condition offers the advantage, 
that it does not deduce the values of and Y trom two or three single observations 
only, but from the entire series of the altitudes, representing each single observation 


with the least possible error; and that it is also possible by this means to detect the 


''Vhuilliers “Manual of Surveying’. London, 1353, p. 370. 
* Allen’s Indian Mail, 1859, December 30, p. 1065. 
4 Compare nethods L, IL, TL. 
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accidental errors of the observations. It shows, moreover, in general, the weight 
which can be assigned to each single observation. 

The method of “equations of condition” is based upon the principle, that the 
probability of small errors is greater than that of large ones. It must be further 
supposed that the values of @) and J, be known with such a degree of exactness, as 
to render it possible to consider the remaining deviations of the single observations 


as the first differentials. 


Such equations of condition can be employed either for latitude or longitude. 


a. DETERMINATION OF LATITUDE. 


For each single observation we use the following equation: 
sin k = sin » sin & + cos @ cos 8 cos f. . (la) 
This equation gives, when @ and ¢ have been substituted for @ and ¢, a comparison 
of each single observation, so that _ 
h = arc sin (sin sin & + cos gp» cos 8 cos ty) 4- dh. 

T is considered so far known as not to alter 3; and it is necessary that the 
values of the parallax and of the refraction are applied, so that dh indicates the 
true differential of the altitude. : 

The method is entirely based on the relation of dh to the two differential elements 
dg and dé, 

By the differentiation of the equation for sin h we obtain 

cosh dh = (cos 9 sin & — sin g cos 8 cos ¢) de — cos @ cos & sin ¢ dt, (A) 

The products of the values sin 9 sin 8, cos @ cox} cos ¢, having already been 
tormed during the process of comparing the observations, it is much more expedient 
to alter the formula in a manner which allows of the values of these products being 
used again. 

The formula then becomes: 

cosh dh = (sing sin& cotan @ — cos @ cos 6 cos ¢ tan @) dg — cos g COs Scosttantdt. (Aa) 

This is the formula usually adopted by us for calculating latitudes by equations 
of condition. — 

The equation (A) contains the two unknown values dg and df, for the deter- 
mination of which two values dh would be sufficient; but the values of d@ and df 


can be determined trom all the existing values of dh. 
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1, If the observations divide themselves into two groups, the mean of the 
corresponding values of dh can be taken for each of the two groups, and we are at 
the same time enabled to find ont any error in the observations, which is then 
excluded from the mean. 


For example: 
The values of dh for the two groups at Uhérra (station No. 5) are as follows: 
t dh 


977 
— 37 
(— 0-5) 
—2-9 


II. Group \4 =e 
{41-0 — 2:6 


1. Group 


=) Ke ee 


According to their positions, the observations of the first group and those of the 
second could be used for the means, but, as the third observation shows a great 
deviation, it has been excluded from the mean. The first approximation alone would 
not have sufficed to show the errors of this observation. 

In this particular case the principle of probability could be still more strictly 
applied, especially if each differential equation were multiplied with the number of 
observations from which it is derived. 

2. If the observations arrange themselves in more than two groups, a corresponding 
number of differential equations must be formed. The application of the method of 
least squares is then indispensable. We select as example Gohatti: 

In Gohatti (station No. 4), five groups must be formed on account of the very 


different values of ¢. 


Gohatti: 

t dh 

I. Group } nore Sahai 

— 34:7 4-86 

Il. Group = — 14:2 + 1:9 

Ul. Group — 3:7 4-0-3 

IV. Group) -4{- 14:7 — 5:2 

V. Group ett pee 

Ly 38-3 — 83 
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If in such a manner any number of equations have been obtained as: 
O0=dhk +ado46b at 


0= dh'+ado+b at 
0 = dh" + aldo + b” dt 


and if B (a)?.......2... be the sum of the squares of the co-efficients of d Q, 
BO) Bo hy Rao A the sum of the squares of the co-efficients of dt, 
= (ab) ...... the sum of the products of the co-efficients of do and df, 
3 (adh) S (bdh) .. 1... the sum of the products of @ and b in dh, 


then the two final equations are: 


0 = 3 (a)* do + 3 (ab) dt + & (adh) 
= (ab) do + & (b)? dt + & (bdh), 


from which dq and dt are deduced, so as best to be adapted to the entire series of 
observations. 

If, in this second case, the weight of the different equations of condition is taken 
into consideration, the corresponding equation must be multiplied with the radix of 
the number of the observations from which the equation has been deduced. 


«9 


6. EXAMPLE FOR THE CALCULATION OF LATITUDE: MARRI (STATION No. 64.) 





Time by Chronometer . . . 
Mean Local Noon...... 


Mean Local Time...... 
Equation of Time...... 
Hour Angle in Time... . 
Hour Angle in Arc=?¢.. 
8 (Sun’s Declination) 
log sin 9 
log sin 8 


log sin p sin 8 ....... 


log cos 8 


sin 9 sin § 
cos cos § 


h(True Altit. of Sun's Centre) 
Refraction + Parallax 
+ Sun’s Semidiameter .. . 


Calculated Observation. . . 
Direct Observation 


Cale.—Obs. 


6542™ 18 


— 0° 37™ 338 


1856, November 13. 


Approximative values: qo 
1. 2. 

6>57™ 41° 
7h 19™ 348 


6 48™ 25° 


7» 19™ 34° 7» 19™ 34° 


33° 51/-4. 


T= 7 


4, 


10® 20™ 29° 


7» 19™ 34° 


19™ 34°. 


5. 
fa 


105 27™ 14° 
7» 19™ 34° 





I— Oh31™ 9s 
15™ 32° 


— 0 217 53° 


15™ 32° 15% 32° 





I— 0622 1% 


-|— 18° 3-0 


9-23709, 


— 0° 157 378 
3° 54'-3 

— 18° 3-0 
9°74594 
9°49115, 


“¢.99700. | 
9°23709, 


9-91930 
9-97808 
9°99899 


— ob 6™ 21° 
1° 35/3 

— 18°3'1 
9°74594 
9°49119, 


9-23713, 
9-91930 
9:97808 
9-99983 


5° 30':3 


9°74594 
9°49115, 


9-91930 
9-97808 
9-99899 


+ 36 0™ 559 


15™ 31° 


+ 3> 16™ 26° 


49° 6'°5 


— 18° 55 


9-74594 
9°49211, 


9° 23805, 
9-91930 
9-97798 
9-81600 


+ 35 7™ 40° 

15™ 31° 

+ 35237 11° 
50° 47'°3 

— 18° 55. 
9°74594 
9°49211, 


9° 23805, 
9°91930 
9:97798 
9°80084 


6. 


10" 34™ 51° 


7» 19™ 348 


+ 3515" 17° 


15™ 31° 


+ 3% 30™ 48" 


52° 42’-0 
— 18° 5'-6 
9°74594 
9-49215, 


9- 23809, 


9-91930 
9-97798 
9°78246 





9°89537 9- 89637 
— 0°17263 


+ 0°78772 


9°89721 
— 0°17264 
+ 0°78924 


9°71328 


969812 
— 0°17300 
+ 0°49902 


9°67974 
— 0°17301 
+ 0°47835 





0°61328 
53° 49-6 
0-9 
16'-2 


0°61509 

37° 57° 
+ oO 
+ 16-2 


0-61660 

38° 4-1" 
0-9 
16-2 


-+ 
+ 


0°34375 
20° 6-3 
1-9 
16’-2 


0: 32602 
19° 1"°7 
2-0 | 
16'°2 


+- 
+ 





38° 14-6 
38° 15'-2 


38° 6'-7 
38° 7'°5 


38° 21'-2 © 
38° 21’-2 


20° 24'-4 
20° 24'°2 


19° 19’-9 
19° 19'°7 





0'-8 





06 |= 0-0 





+ o'-2 


0°30524 
17° 46'°7 
22 
16’-2. 
18° 
18° 


+ 
+ 


+ 














10% 39 10* 

7 19™ 34" 

+ 3" 19™ 36" 

15™ 31" 

+ 3°35" 7 
53° 46'-8 

18° 5-6 
974594 
9-49215, 
9+23809, 
9-91930 


9:97798 
9-°77150 


9: 66878 
— 0°17302 
+ 0°46642 


029340 
17° 37 


‘NOIKLIGNOD JO SNOILVNDA JO GOHLAN 


17° 22'- 
17° 22’: 





eel 
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From these deviations two groups were formed, corresponding to the position of 


the different observations: 


First Grouy 


D. 


Second Group. 











adh dh 
._ 0-8 -b 0-2 
— 06 4- 0-2 
— 00 (-- 2-6) 
mean dh — 0°5_ -|- 0-0 
log sin g sn 8... = 9°24, log sin gp sind... 
log cotan g .... = 0-17 * log cotang .... 
9°41, 
log cos @ cos 8 cos tf = 9°90 log cos @ cos 8 cos 
log tango ..... = 9°83 log tan @ ..... 
973 
nat. num 
— 0:26 
—.0°54 5 
co-eftic. of dg = — 0°80 co-eftic. of dp... 
log = 9:90 
log cos  cos8 cost = 9.90 log cos @ cos 8 cos 
log tant ..... = 8-90, log tant ..... 
log co-effic. of dt. = 8°80 log co-effic. of dt 
log dh ow... = 9°70 log dh wi... 
log cosh. ..... = 9°89 log cosh... ... 
log cos h dh . = 9°59 log cosh dh ... 


two logarithmic equations of condition: 
0 = — 9:59 — 9:90 dp + 8°80 dt 

, 0 = + 8:98 — 9°78 dp — 9°51 at. 

‘The solution of these two equations gives: 

dg = — 04 
dt = -- 1'-1; therefore dT = — 4*-4 
@ = 33° 51-0 
T= 7 19™ 30". 


These values give the 


Be epee kiahi oes 


log — 


bios ele S 


mean dh -+ 0-1 (dh No. 6 being excluded) 


= 9:24, 
= 017 

9°41, 
= 9°70 
==: 9-83 

9°53 
nat. num 
— 0:26 
— 0:34 





2 


oo So 
as 
aw 


Oo 


9°81 


9°51, 


9-00 
9-98 
"8-98 


In order to show the greater precision resulting from the application of this method, 


each single observation has been compared with the last definitively resulting elements. 


This, however, was effected, not in the direct way, but by the corresponding differential 


equations. The errors are: 
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f £: 
Observations 1. — 0°3 | Observations 4. -- 0-1 . 
is 2 — O1 5. 01 
3 3B. 05 7. —-— Oo) 





The final correction is not very considerable, as the observations have already been 


very well represented by the first approximation. 


b, CALCULATION OF THE LONGITUDE BY EQUATIONS OF CONDITION. 


We limit ourselves to showing, in a general way, the application of this method 
also to longitude. The method can- be successfully applied only, when there are two 
variables. 

For the latitude, these two variables were dg and dt. For the longitude, @ and 
T are considered to be exactly known, the variables being here, 8 —= the declination, 
and 2.A. = the right ascension of the moon. oe os 

The longitudes are then calculated in the same way as ‘the latitudes, but instead 
of the equation (Aa) ot 


cosh dh = (sin @ sin 8 cotan @ — cos @ cos 8 cos t tan 9) do — cos @ cos 8 cos / tan.t dt, 


the following, formed according to the same principles, is used: 


cos h dh = (sin o sin & cotan § — cos @ cos 5 cos # tan f) 3 
— cos @ cos 8 cos ¢ tan ¢ dt. (A 8) 
On the supposition of great correctness in the observations, the resulting values 
of dt and d8 will both give the same differential of longitude, thus allowing of a very 
minute control of the observations. 
Besides this, it would be possible to express the differential of longitude in 


functions of time; but this operation is best reserved for the numeric process. 


SECTION IL. 


OBSERVATIONS FOR THE DETERMINATION OF GEOGRAPHICAL 
CO-ORDINATES. 


A, INDIA. 


Group [. Assam and Khassia Hills: Stations 1 to 5. 

Group I. Delta of the Ganges and Brahinapitra: Stations 6 to 9. 
Group IU. Valley of the Ganges and its Tributaries: Stations 10 to 18. 
Group IV. Panjab, Sindh, and Kich: Stations 19 to 30. 

Group V. Central and Southern India: Stations 31 to 43. 


B. HIGH ASIA. 
a. Himdlaya. 
Group VI. Bhutan to Nepal: Stations 44 to 49. 
Group VI. Kamaon and G&arhval: Stations 50 to 55. 
Group VII. Simla to Hazdéra: Stations 56 to 64. 


b. Tibet. 
Group IX. Gnari Khorsum: Stations 65 to 73. 
Group X. Laddk: Stations 74 to 83. 
Group XI. Balti and Haséra: Stations 84 to 92. 


c. Karakorim and Kuenlien. 
Group XI. Turkistin: Stations 93 to 113. 


Concluding general remarka and results. 


Is India, the operations of the Great Trigonometrical Survey, under men 80 
distinguished as Lambert, Hodgson, Everest, and the present able superintendents, 
Colonel A. S. Waugh and Major H. L. Thuillier, are well known to be executed with as 
perfect accuracy and fulness of detail as the best existing. In places, therefore, the 
positions of which have been previously fixed by the general triangulation, we give 
their determinations as definitive results. But even in such stations our own obser- 


vations were indispensable for obtaining Time and Meridian. 
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In some few places, however, our time, limited by the difficulties of travelling, 
only allowed us to make observations of magnetic intensity. In quoting the deter- 
minations of the Great Trigonometrical Survey, we mark them G. T. 8. Some of the 
determinations, contained in the Appendix of the “Manual of Surveying”, by Smyth 
and Thuillier, London, 1855, p. xcvz, are marked Thuill. App. We adopt as longitude 
of the Madras Observatory: 80° 13’ 56” Hast Green. 

In countries not yet properly surveyed, such as many parts of the Himalaya and 
of Tibet, we had no other material for comparison than maps, the nature of which 
did not allow of so accurate and direct a comparison. In general, we give no 
latitudes or longitudes taken from maps. At the end of this part, in the “Con- 
cluding General Remarks and Results”, we have drawn up a general list of the prin- 
cipal original maps of the Himalaya and of Tibet for comparison. 

In the Himalaya, where the operations of the Great Trigonometrical Survey 
extend only to the determination of single peaks, and in the as yet unsurveyed coun- 
tries of Tibet and Turkistan, the determination of the geographical positions became 
of equal importance with the magnetic observations. In these territories, when diffi- 
culties presented themselves, as they did occasionally, for extending our observations, 
we considered it desirable to determine latitudes and longitudes in preference to 
magnetic observations. , 

The following groups, therefore, contain all the stations where latitudes and 
longitudes have been determined by us, as well as those where magnetic observations 
only have been made.’ 

In India, the stations generally follow each other? from Kast to West and from 
South to North. Every station is preceded by a short topographical explanation, 
having reference chiefly to the position of the instruments. 

The heights refer to the place where our magnetic instruments were put up, and 
are given in English feet; the observations on which they are based will be given in 


detail in the second volume. 


+ The materials of our observations are contained in Vols. 5, 9, 10, 11, and 12 of the manuscripts quoted 
p. 8. We give, as will be seen, all the detail of the observations, even including readings, which are occasionally 
affected by (comparatively small) errors of observation. 


* The chronological order is a matter of comparative indifference, and may be seen in the itinerary, pp. 11 to 35. 
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A.M. and P.M. will be seen to refer to apparent local time, and not to time 
hy chronometer. ; 

We were authorized to engage a computer, Mr. Charles Linsser, to assist us in 
the publication of this volume, and we profit by this occasion to make particular 


mention of his zeal and activity. 


A. INDIA. 
GROUP I. 
ASSAM AND KHASSIA HILLS. 
STATIONS 1 to 5. 


Dibrugarh.— Tezpur. — Udelgaéri. — Gohatti.— Chérra Puaniji. 


No. 1. Dmrucdnrs, ww Urrzr Assn. 


This is a permanent military station on the Brahmapttra, farthest removed from 
its mouth. Sadia, though still higher up the river, is only temporarily occupied by 
an officer and his escort. 

The observations were made on the left side of the Brahmaputra, near an open shed 
erected for the free use of Bhutias and of neighbouring hill tribes, when coming for 
trading purposes to the station. Such sheds are called “namgdrh”, and are to be 


seen in many of the villages of Assam. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
27° 32/0" 94° 57! 35" 395 feet. 


Observations: 1856, February 5. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer:’ Hermann. 
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Latitude. 
Sun, Upper Limb. 
1856, February 5. Horizontal Cirele. Vertical Circle. 
P.M. 

hom ¢ ° ‘ “ ° : “uw 

1) 3 0 39 263 44 0 46 32 55 
2) 3 941 - 266 52 20 46 20 0 
3) 4 19 42 285 4 10 41 16 18 
4) 7 23 40 325 8 10 11 26 40 

° 
Barom. 754°6 millim. Tenp of “Ait 19:2 C. 


29-709 inches. 66°6 Fahr. 


Calculated by Method I., from observations 1 and 4. 


1. 4. 

‘ “a 

Refraction... 2.00. —_— 0 52 — 4 28 
Parallax. ........ + 0 6 + 0 8 
Semidiameter...... — 1615 — 16 15 





Sum of Corr.... — 17 1 — 20 35 


° ‘ aw of “o 

1) h corr. = 46 15 54 8 = — 169 10 

4) kh’ corr. = 11 6 5 ¥ = — 165 53 
Latitude No... 27° 32'°0.. 


The latitude by a preliminary determination of the G. T. 8. (Thuill. App.) is 
27° 31’ 45”, based on Wilcox and Bedford’s Survey of Upper Assim. It perfectly 
agrees with our results. 

Time. 


ho mis 


Apparent Noon, deduced from the Altitude of the Sun, from observ. 1 2 52 
observ. 4 2 52 6 


uo 


We give the preference to the latter, on account of the altitude being 35° lower; 


but. the values, being identical, also serve as a control of the observations. 


hom # 





Apparent Noon, adopted .... 2... Nae Nee taca gna te (G8 inleo aa abe ess foie ns 252 6 

Equation of Time... 0... es + 014 15 

Mean, Nooii 2 0c. b 204.6 ak won he oe ee el eed ee et ht 2 37 51 
Longitutle. 


Our Chronometer giving in Upper Assim arbitrary time only, we adopt the 
Longitude of Thuilll App. oo... eee Be a5 == 94° 57’ 35” Kast Green. 


1. 17 
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Meridian. 


Meridian, deduced from the observations of the Sun... 2.0 00.:. 260° 477-1, 


No. 2. Tézpur, 1x Assdm. 


Coming from Bhutan, this was the first station I reached. It is situated on the 
right. side of the Brahmapttra, and has during the last few years become a very 
important place for the manufacture of lac, and for the cultivation of tea and indigo. 

Tea ought to be particularly mentioned in connection with Tézpur, on account 
of Mr. Bruce, a resident of this station, having first found it growing wild in Assam. 

My instruments were placed’ near the circuit bangalo, a government building 


erected on a slight eminence for ‘the temporary residence of officers while travelling. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
26° 34' 35” 92° 46’ 45” 239 feet. 
Observations: 1856, January 25. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude. 


1856, January 25. Horizontal Cirele. Vertical Circle. 
ALM. 


Sun, Lower Limb. 


boom a 


1) 1 32 33 269 10 35 43 40 54 
2) 1 39 42 271 49 45 43°51 45 
3) 1 46 41 273 50 5 43 56 38 
4) 1 52 40 275 gh 0 43 59 18 
PM. 
sun, Upper Limb. 

h m 8 ° , “ Q f “" 

5) 2 4 10 279 35 40 44 28 15 
6) 2 16 40 280 40 45 4412 45 

° 
755°3 millim. a Air \ 274 C. 
Barom. | 99-737 inches. Temp. of An fei-3 Faby. 


Calculated by Method TI. from the Altitude nearest the Meridian. 
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Refraction .........-. — 0 56 
Parallax: < jf avenge 8 hat ee + 0 6 
Semidiameter ......... + 16 18 
Sum of Corr. .... + 15 28 
Qo f 
True Altitude of Sun’s Centre at Culmination, calculated ... = 44 16-4 
Declination = § 2.02. 62a ee ee ee ne =—-—19 9:0 
Teatitude: Ni tact e ihk Blo WHE he ee Sw es hs ee 26 34-6 
Latitude N. (Thuill. App.) .. . 26° 36' 45”. 
: Time. h m K 
Apparent Noon, deduced from obs. 2 and 3, and 3 and4 = 2 1 22 
Equation of Time ........... 0.00.02 eee eee = +12 28 
Mean Noon .... 20... 2.0 eee ee eee 1 48 54 
Longitude. 
The adopted longitude, as given above, is taken from Thuill. App. 7 
Meridian. 
From observations of the Sun ..... 278° 11'°3. 


No. 3. Upsxetri, 1s AssAM. 

Situated at the southern end of the road from Lhassa to Assim, vid. Tauong 
and Narigtn, through the country of the wandering Kampo-Bhiutias, it is an important 
trading station, with extensive bazars much used at periodical fairs. 

The instruments were put up near a government house, constructed of bambu 


and cane, in charge of the dardga of the place. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
26° 45' 40” 91° 56’ 30” 352 feet. 


Observations: 1856, January 2. 
Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 
1856, January 2. Horizontal Circle. Vertical Circle. 
ALM. 
Sun, Centre. 
WOES a o fr uw oO Ww 
Ty 2 26:20 306 33 20 20 32 20 
2) 2 41 52 309 12 30 2301 «55 
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Sun, Upper Limb. 


« 


° é tt é a 

3) 2 51 23 310 16 50 24 50 55 

4) 2 59 41 312 18 5 25 59 10 

5) 5 2 44 342 20 20 39 22 50 

6) 5 11 14 344 49 30 39 46 «5 

POM. 
h ot s 9 ou ° ‘ ue 
7) 5 48 457 356 6 35 40 31 dd 
Sun, Lower Limb. 

- h m a ° ‘ “a ° ‘ “ 

8) 6 32 39 9 5 10 38 47 20 

9) 6 39 48 10 30 15 38 27 20 

° 

754°3 millim. 23°0 C. 

Barom. : oe a Temp. of Air 28 G 
29°697 inches. 73°4 Veale. 


At Udelgtri, the observations were calculated more in detail, in consequence of 
oe 
the yreater number of observations, and on account of this place being well sitnated 


as a starting point for some longitudes by chronometer. 


First Approximation. 
For the first approximation, the mean of observations 3 and 4 = [, and obser- 
vation 7 = JJ., are chosen, as they are nearest the meridian. They are calculated by 


Method I. 


The usual corrections for these series are: 


I I. 

a “ é “a 

Refraction ....... — 1 58 — 16 
Parallax... ..... 4 7 4- 7 
Semidiameter .... . — 16 18 — 16 18 
Sum of Corr... — 18 9 — 1717 

fo} iE ce} a 
lL. hh corr, = 25 69 &§ = ~ 22 52-8 
Il. A’ corr, = 40 14°74 8 == — 250 0°56 
Deatitide Nic 40.6 cee Aa ce  ES 26° 4550 


Mean Noon (corr. for Equation of Time) 5' 44” 1° 
Second Approximation. 
Comparison of the single observations with the elements obtained by the first 


approximation. 
Formule: da@ (p. 120). 
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The mean of the deviations (Cale—Obs.) in Group d is = — 4'°9, excluding 
observation 4 at 2" 59", and the mean of Group B = — 0°:9. 
We obtain the following differential equations for reducing the errors to their 


minimum : ; 
1) 0 = — 0°68 — 9°84 do — 9°81 dt 
2) 0 = — 9°85 — 9:99 do — 9-23 dt, 


the co-efficients being logarithmical. 
The solution of these equations gives: 


d¢ = — 101 in Are dT = + 40%4 in Time 


dy = + 0°7; 
therefore, 
Latitude N. = » = 26° 45/7 
Mean Noon = JZ = 5" 43™ 21°. 


The following table shows the remaining errors after these new elements are 





introduced: 
No. of Observ. Cale.—Obs. 
1 Sis 
2 4514 
3 — 0:3 
5 — 02 
6 +01 
Longitude. 
hom a 
Mean Noon by Chron. 3, at Gohatti, 1855, December 13. 5 44 15 
Mean Noon by Chron. 3, at Udelgtri, 1856, January 2 .. 5 43 21 
Rate for this period = IX. = losing 0-17 
Correction of the Udelgiri Noon for 20 days....... + 0 0 3:4 
Meridional Difference between Gohatti and Udelgtiri .... 0 0 51 
Therefore, oor 4 
Udelguri East of Gohatti ......... 0 12 45 
Gohatti East of Greenwich ........ 91 43 45 
Udelgtri East of Greenwich ....... 91 56 30 


For this station the G. T. 8. could not supply us with data of latitude and 
longitude for comparison. 
Meridian. 


Calculated from the second approximation ........ 355° 36'°9. 


GRouP 1. ASSAM AND KHASSIA HILLS. 13! 


No. 4. Gosdrm, i Assim. 


Besides containing a large native population, this is the principal British Station 
of Assim, and the seat of the Governor Genegral’s Agent for the provinces of the 
north-east frontier. The Brahmapitra flows by on the right. My instruments were 
put up near the house of Major Vetch, who gave me the most friendly and cordial 
reception. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
26° 5’ 50” 91° 43/ 45” 134 feet. 


Observations: 1855, November 19 and December 13. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 


1855, December 13. Horizontal Circle. Vertical Circle. 
A.M. 


Sun, Lower Limb. 


h m 3 


° ‘ a“ o ‘ “uo 
1) 31217 318 0 55 29 8 10 
2) 3 18 45 319 23 45 30 2 35 
3) 4 40 41 349 53 20 38 37 5 
Sun, Upper Limb. 
h m 8 Or CF “ ° ‘ “u” 
4) 5 22 35 355 7 30 40 55 35 
P.M. 
h m 8 ° ‘ “ ° ‘ “ 
5) 6 36 18 14 8 0 39° 7 25 
Sun, Lower Limb. 
homios oO 4 ww ° ’ “ 
6) 8 5 31 36 7 40 28 59 55 
7) 8 10 34 37 10 10 2817 0 
n x 
754°2 millim. 5 ¢, 
Barom, ee Temp. of Air ; 


29°693 inches. 65°3 Fahr. 
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First Approximation. 
Calenlated by Method I., from observations 4 and 7. 


The corrections are: 


. 4. 7. 
‘ “a ‘ “a 
Refraction... .. - — 1 5 — 144 
Parallax . 2.0.0. + 0 7 + 07 
Semidiameter . be STG AT + 16 17 
Sum of Corr... — 17 15, + 14 40 
° é “a oF 
4) h corr, = 40 38 20 6 = — 23 8:0 
7) fh’ corr. = 28 31 40 io = — 23 8-4 
Latitude No cn giek eo Ba eas 26° 5/8 


Mean Noon (corr. for Equation of Time) 5" 43™ 17°. 


Second Approximation. 


Calculated by formula Aa (p. 120), which is used throughout in calculating the 


second approximations. 


81 














































Time of Observ. by Chron. 35 127 178 




















3" 18™ 45° 45 40™ 41° 5 22™ 358 6" 36™ 18° 6 5™ 315 | 8 10™ 34° 





Mean Noon } from Ist 5b 43" 17° 5b 43™ 172 58 43™179| 55 43™ 178 5h 43™ 178 5 43™ 178 5h 43™ 17 
Mean Local Time! Approx. | — 26 31™ 0: | — 2" 24™ 395 |— 15 2™ 369 | — 08 20" 42° | + 08 53™ 1°] 4 2ho9mq4= | 4 9h 97m 175 
Equation of Time... .. . + 5m53ze} 4 5m53°9) + hie} + 0 5m™518 {4+ = mage] 0 5m a7# | 4 5m 47s 








Hour Angle in Time... .| — 25 25™ 7s | — 2h 18™ 39% | — Oh 56™ 45s | + Ob 14™ 51° | + Ob 58™ 508 | + 22Q8m™ Js} 4+ 96 33m 4s 
Hour Angle in Arc=?¢.. 36° 16’-8 | — 34° 39-8 | — 14° 11'-3 |— 3° 42’°8 | + 14° 425 | 4+ 37° 0-8 | + 38° 16-0 
8 (Sun’s Declination) . .. .] — 23° 7-6 | — 23° 7’-6 | — 23° 7/-7 | — 23° 7-8 | — 23° 8-3 |— 23° 6’-5 | — 23° 8/-5 


































































sino sind.......... — 0-17278 | — 0-17278 | — 0-17279 | — 0-17280 | — 0-17986 |— 0-17289 | — 0-17289 
cos p cos 8 cost...... + 0°66579 | + 0-67930 | + 0-80070 | + 0-82414 | + 0-79875 |-+4 0-65939 |+ 0-64837 
Sum = sink....| 049301 0-50652 0-62791 0-65134 0- 62589 0- 48650 0+47548 
» 
h(TrueAltit.of Sun’sCentre)| 29° 32/3 30° 26'- 38° 53/8 40° 38-6 38° 44'-8 29° 6-6 28° 23’: 
Refraction .......... + Vt fe we fe 16 f+ Wei [4 2 [4 WT | Ve 
Parallax ........... —- o1f]/— O11 f[— on f— oF fH onl JE on |- 0-1 
















Apparent calc. Altitude of aa 
































Centre ......... 38° 55/3 40° 39'°6 38° 45:9 29° 8/2 28° 25’: 

+ Sun’s Semidiameter . . 16-3) | + 16°30 | + 16°3 | — 16-3 | — 16: 
Calculated Observation. . . 38° 39’-0 40° 55/-9 39° 2/2 28° 51'-9 28° 8'- 

| Direct Observation ..... 38° 37''1 40° 55''6 39° 7-4 28° 59-9 28° 17’: 
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In the preceding table, we separated by vertical lines those observations, the 
differentials of which could not be considered identical; we thns obtain the four 


following growps: 


Ciroups. Cale.—Obs. { 
‘ ° 
af, + 90 = B55 
B. + 11 — 88 
U ke ae a 
D. — $82 + 376 
This shows that, in accordance with the observation No. 4, we may consider 
do >=: U0, and that all the corrections of the elements consist in a correction of the 
mean noon.—Therefore, in the following equations we have put, dp = 0: 


0 = + 0°89 — 9-84 do + 9°68 dt 
0 = — 0°86 — 9°84 de — 9°69 dt. 


These equations are referred to the groups 4 and D, and give: 
d@ <= — 155 in Are dT 2: -- 1" 2" in Time. 


The corrected elements, therefore, are: 


Latitude No... = @ = 26° 5/8 
Mean Noon... = 2’ = 5" 44m 198, 


A comparison, after introducing the new elements, shows the following errors still 


pon a ee No. of Obsery. Cale.—Obs. 
1 + 0-4 
2 — o4 
3 ++ 078 
4 —o8 ° 
5 0-0 
fF 4 0-2 
of — ol 


The latitude trom Shull, App. is: 26° 11 15" N. 


Longitude. 
Observations of the Moon and Jipiter. 
1855. November 19. Horizontal Circle. Vertical Cirele. 
PM. 


Moon, Centre. 
3h 24™ 735 213° 56" 50" 56° 3% 30", 
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Jupiter. 
h m 8 ° i “ Q ‘ “ 
3 10 47 234 44 20 24 42 45 
3 29 44 238 4 25 21 0 50 
u 8-5 ( 
757-1 Wh - 18°5 * 
Barom, } 2/0 ™ a Temp. of Air : 


29-808 inches { 65-3 Fahr. 


Co-ordinates of Jupiter, interpolated for the time of the lunar observation: 
34 21" 138 236° 34/4 22° 40'°6. 


Corrections tor reducing the apparent altitudes of the Moon and Jupiter to true 


geocentric altitudes: 


for Jupiter for Moon 
Refraction — 2':2 — 06 
Parallax 0-0 + 33’-2 
° ‘ 
Jupiter, true Altitude 2... 0 ee ee 22 384 
Moon a oe fet Lao iS we ot Lee See ath. ale 56 30-1 
Are of the Almucantarat. 2.0. ee 22 46°8 
Reduced Distance of Centres 2.2... 0... ee ee 37 50°8 
. bom kK 
to which corresponds a Mean Greenwich Time of ......... 3 30 20 P.M. 
Mean Local ‘Time: 2.0. 66s ees eae ee ee ee dee 9 36 50 
(referred to December 13, the Rate I. = losing 0*:17 would give 
a correction of — 3°, which, however, does not affect the result 
within the 10° adopted as limit for our longitudes). ——— nee 
Meridional Difference in Time .............0-.00000.4 6 6 30 
theretore, 
Longitude East Green, 2... 0. ee 91° 37° 30” 


This result happens to agree, beyond the limits which could have been expected, 
with the longitude of the G. T. 8. == 91° 43° 45” East Green. 


Meridian. 


Calculated from Observations of the Sun by the second approximation .. 0° 3/8, 


No. 5. Cusrra Pung, in tHe Kudssia Hips. 


This station has been made the chief -place for the political superintendence of 
the Khassia Hills and of Kachar. It is situated on the eastern imargin of the Khassia 
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Hills, which terminate here very abruptly toward the plains. ‘All the eastern border 
of the Khassia and Jaintia Hills is particularly remarkable for excessive precipitation 
of rain, often exceeding 600 inches in a year. Soon after the rains the climate becomes 
dry and very healthy, during which period it is found to be an excellent place for a 
sanitarium. 

- My instruments were set up in an open situation, not far from the house of 
Captain Byng, who, unfortunately, was killed during the time of the rebellion, in an 


expedition against the Kacharis. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
25° 14! 15” 91° 40’ 30” 4,164 feet. 


Observations: 1855, November 4. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 


a. Observations of the Sun. 


1855, November 4. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
P.M. 
hom os ° ow o now 
1) 5 40 23 2 24 10 49 43 0 
2) 5 52 21 6 39 50 49 23 40 
3) 6 014 9 31 30 49 1 10 
4) 6 4 50 Il 9 15 48 49 50 
5) 8 6 30 45 26 15 34.19 55 
6) 8 11 50 46 27 55 33 25 50 
° 
Barom. ee me Temp. of Air oe . 
25-985 inches. 68-5 Kahr. 


First Approximation. 


Calculated by Method [., from Observations 1 and 6. 


1. 6 
, a “a é “ 
Refraction .......-..-4- — o4!1 — 117 
Parallax ......-..-.08-. + 5 + 5 
Semidiameter ........ ... — 1610 -— 16 10 


Sum of Corr. ....... — 16 46— —~ 17.22 
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°o é a i 
l. hk corr, = 49 26°3 6 = — 15 10°6 
G6. h' corr. = 33 84 S-= -- 15 12°6 
Latitude? Nis is-e. 4 bm 64 Ses ee es 25° 16-2 
Mean Noon (corr. for Equation of Time) 5" 44™ 11°. 


In this first approximation, 3 is referred to a 


wrong date, where magnetic 


observations were made, but no declination. In the second approximation, the correction 


which exactly corresponds to the time of observation has been introduced, so that 


the final result is not in the least altered. 


Second Approximation. 


The equation of time may be considered as constant, during the observations. 


The latitude, as obtained from the first approximation, is assumed in round number 


= 25° 17' N. 








Time of Obs. by Chron. 3. 
Apparent Noon ..... 
Hour Angle in Time. . 
Hour Angle in Arc = ¢ 


8 (Sun’s Declination) . . 


sngsin§........ 
cos@ cosd cost .... 


Sum = sink... 


h (True Altitude of the 
Sun’s Centre) 
Refraction 


Parallax 


-++ Sun’s Semidiameter . 


Calculated Observation 
Direct Observation .. . 


Cale.—Obs. 








5" 40™ 298 

5 27™ 53° 
0” 12™ 29" 

so 

— 15° 13/-8 


— 0-11219 
+ 0-87118 


5b 52" 21° | Gh 

5» 27™ 538 
oO" 24™ 288 | Oh 32” 21° 

6° 7.0] 8° 5'-3 

— 15° 13-8 |— 15° 13'-8 


om 145 Gh 
5 27™ 538 








3 


— 0-11219 |— 0-11219)— 


++ 0-86750 


4” 498 
5h OT™ 538 
0" 36" 56°. 
9° 14.0 


— 15° 13’-8 |— 15° 15'-5 i= 15° 15'-5 


i 
a 
Qh 38™ 372 | Qh 43m 578 
\ 


0-11219;— 0-11240'— 0-11240 
-+ 0-86380/-+ 0-86118]4 0-67163!4- 0-65849 


Group II. 


gh 
Bh 27" 538 


6™ 308 \ gh 11™ 50° 


Hh O7™ 538 


39° 39-3! 40°59'-3 


t 











0.75899 | 0-75531 | 0-75161 0.559231 0-54609 | 
! 

49° 22'.5 48° 43’. 34° Q'-2| 38° 3f-9) 
O-7/+ 0 pe. Dee ted 
o.1]—- 0". OAS “Ota eel 
16'-2|+ 16’. 16-214 162,40 16-2 
-3| 49°20". 48° 46'-9] 34°17/.5] 33° 23"-2 
-0| 49° 23°. 48° 49'.8] 34°19'.9| 33°25/-8 

3.7 3. : 2'.9|— 9'.4|— 








Group -L (excluding — 0’-5) 
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For forming the differential equations, the mean of the errors of Groups A and B 


have been used, the observation No. 3 being excluded from Group A. 


Group A, Cale.—Obs, = — 3-4 
Group B, Cale.—Obs, = —-- 2-5 
The differential equations are: 
0 = — 0-44 —- 9-81 do --— 9-19 dt * 
0 = — 0-32 — 9-74 do — 9-78 dt, 
the co-efficients being logarithmical. 
The solution of these equations gives: 
dg = - 4.5 
dt = 4- 0'-G in Are dT = — 2-4 in Time; 


therefore, 


Latitude N.... @ = 25° 12’ 30” 
Mean Noon... = 7’ = 5% 44™ 98, 


The remaining errors, after introducing the new elements, are: 


No. of Observ. Cale.—Obs. 


, 


1 — 0:3 
2 — 0-3 
4 + 0-5 
5 4- 0-1 
6 — 0-1 


b. Circumpolar Star. 


Observations of the Circumpolar Star 4", in the constellation Ursus Minor, close 


to the foot of Cepheus. Its co-ordinates are: 


for 1855-0 R.A. = o> 49" 43° 
Say & = + 85° 28'-6 
1855. November 4. * Horizontal Circle. Vertical Circle. 
13" 19™ 275 180° 53’ 20" 28° 56’ 0” 
o 
, 659-8 millim. 17-1.€. 


Barom. \ 


aaa Temp. of Air ‘ 
4 25-977 inches. 4 


2-8 Kahr. 
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hom R 
Time by Chronometer ........ Ri sted, Coking, arabada oa he. eas 3 13.19 27 
Mean Noon (2nd Approximation) .................000, 544 9 
Mean Local Time .........0 0000.00 0b eee eee 7 35 18° 
Long. E. Green. in Time... 2... 22 ee ee ; 
Mean Green. ‘Time of the Observation ...............--. 
Acceleration of Fixed Stars . 2.2.2.0. 00.0020 ee 
Mean Time reduced to Sidereal Time ...............000. 
Long. FE. Green. in Time... 2... ee ee ee 
Sidereal Time at Mean Noon at Green., Nov. 4............ 1d 52 40 
Sidereal Time at Chérra Punji .. 0.0.0.0. ee 22 28 13 
dt. wf. of Circumpolar Star 2... 2 ..0.0.00.00.0. Rett ty tt oh Q 49 43 
Hour Angle in Time .. 1.2... 0... ee ee “21 38 30 
Hour Angle in Are 2... ee 35° 22'.5 
Latitude N. by the Circumpolar Star 2... .0.0.020.00.0. 0.0000. 25° 11750", 
ce. Jupiter. 
1855, November 4. Horizontal Circle. Vertical Cirele. 
hom ss of Ww o ow 
12 43 21 0 46 40 49 47 50 
12 48 57 6 32 10 49 27 20 
h m a 
Time by Chronometer (Mean of the two Observations) ....... - 12 51 4 
Mean Noon (2nd Approximation)... .....0...020......00. 544 9 
Mean Local Time... 0.0... 00.020 ce ee eee ~F 6 55 
Tong. I. Green. in Time .. 2.2.0... 2.0.02. 2 0000 eee G 6 42 
Mean Green. Time of the Observation .................. “1 °013— 
Acceleration of Fixed Stars... ....-..0.0..0... 0000002 ee -+ 10 
Mean Time reduced to Sidereal Time .................. “1 0 28 
Long. KE. Green. in Time . 2... ee 6 6 4 
Sidereal Time at Mean Noon at Green., Nov. 4 ...... tian ae y 14 52 40 
Sidereal Time at Chérra Punji... 2.2.2... ee “21 59 45 
RvA Of Mapiter 2:2 cose cial dhe fat he Eat, Ae ade od 21 43 39 
Hour Angle in Time... .....00-0-0.00. 0000000000 00005 “016 6) 
Hour Angle in Are 2... 2... ee ee 4° 1-5 
latitude N. by Jupiter 2... 0.2 ee ee 25° 187 25". 
Mean of Latitude. 
a) Latitude N. by Sun. si... 2... 2, 25 12 30 
b) Latitude N. by Circumpolar Star... . . 24 11 50 
c) Latitude N. by Jupiter 2... 22.2... 25 18 25 
Mean = Latitude N. 2... 2 ee 25 i415 


(Latitude N.: Thuill. App. == 25° 167 35”), 
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Longitude. 
We adopt as longitude from Thuill. App. = 91° 40’ 30” East Green. 


Meridian. 


Meridian, deduced, from the Observations of the Sun, 1855, November 4.... 357° 55/-6. 


GROUP I. 
DELTA OF THE GANGES AND BRAHMAPUTRA. 
STATIONS 6 to 9. 


Surajganj.— Dhaka. — Kalna. — Caleutta. 


No. 6. Surascdng, in Eastern BeEncAu. 


This is a station north of Dhaka, on the right bank of the Konai, with several 
large factories. Here observations of the dip only were made. (Observer: Hermann.) 

The latitude and longitude are taken from Tassin’s Map of Central Bengal, 
Calcutta, 1841. 

Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
24° 22' 50” 89° 43’ 20” L. a. L. $.1 (20 feet). 
Surajganj lies in the Ganges-Brahmapitra Delta; the height mentioned above 


refers only to the height of the instruments above the level of the Konai. 


No. 7. Dudka, in Eastern BEncA. 
This is a large station, situated on the Bara Ganga, one of the ramifications in 
the upper part of the Ganges Delta. It is 150 miles north-east of Calcutta. 
I (Hermann) put up the dip circle at a short distance from the principal ghat 
or landing place. When I first passed Dhaka, in going wp to Assam, I was seriously 


ill and confined to my boat; and when returning, my stay was so limited, that I could 


thea LoS. = Little above the level of the sea. 
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only make a few magnetic observations. The latitude and longitude of this place 
were furnished me by the kindness of Mr. Brennand. 


Latitude obtained from three series (A, B,C) of observations of Polaris hy 


Mr. Brennand, 1855: 
Latitude N. 


A, 23 42 26°9 
B, 46°3 
C, 57-24 
Mean Lat. N. 23 42 43°5 
Longitude Hast Green., determined by the officers of the Great. Trigonometrical 
Survey, and communicated to Mr. Brennand, 1855: 
90° 20’ 15”. 
(Thuill. App. gives latitude N.: 23° 43’ 10.) 
Height: A few feet above the level of the sea. 


Meridian. 
Deduced from corresponding low Altitudes of the Sun... . 161° 25'-2. 
No. 8. KGuna, ww Eastern BencAu. 
This small town, in the district of Jassér, is situated on the right bank of the 
Bhairab, one of the numerous ramifications in the Ganges Delta, and is about 75 miles 
east of Calcutta. The river steamers between Calcutta and Dhaka pass by regularly. 


The instruments were placed close to the river, 10 feet above the water. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
22° 45! 55" 89° 36’ 55” Loa Ls. 
(25 feet above the level of the Bhairab.) 
Observations: 1856, February 24. 
Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. 
Latitude. : 


1856, February 24. Horizontal Circle. Vertical Cirele. 
ALM, 
Sun, Lower Limb. 


Observer: Hermann. 


n ° ‘ aw 


h om 6 ° , 
1) 511 6 357 57 15 54 20 0 
2) 547 3 13 24 20 56 49 35 
3) G 3 14 20 25 10 57 12 50 
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758°0 millim. 9 6 . 
Barom. e a a Temp. of Air abet 
29°843 inches. 79-9 Fahr. 


Calculated by Method I., from observations 1 and 3. 





Refraction. ............ — 0-6 
Parallax: 3) a ee eae + 0:1 
Semidiameter ........... + 16°2 
Sum of Corr... ..... 4157 
a ‘ 
1) h corr. = 54 35°7 Bice nega 
3) h’ corr. = 57 28°5 
Latitude Nw... 0... 22° 45-9. 
Time. 
h m " 
Apparent Noon, deduced from the Altitude of the Sun, from observation 1 6 8 33 
Equation of Time ©... 2.2... ee ee - 13 36 
Mean Noon':< jose koseae eR eet elg Poe hete hob bert Behe Ps gs 5 54 57 
Control for Latitude and Time. 
° ‘ 
Calculated Apparent Altitude at 5" 47™ 3° = 56 49-0 
Observation .......-....-..00200- 56 49°6 
Cale-—Obs. «2. 0. ee eee oS 0-6 
Longitude. 
; hh Mm x 
Mean Noon by Chron. 3, at Calcutta, 1856, March 26......... 6 0 7 
Mean Noon by Chron. 3, at Kina, 5" 54™ 57° 
Rate = IX. = Losing 0°:17 . 
Mean Noon Kiilna, corrected for rate... 2.2.0... ee 5A 2 
Meridional Difference in Time ................5.-00.0. Oo 5 4 
“ ‘6 BA ARC oe sh ool gt hide tan ae, oe See a Se al Bh 1° 16’ 20” 
Longitude of Calcutta, E.Green.. 2.2... 0.2 ee ee eee 88 20 34 
Longitude of Kilna, E. Green. «2... 0... ee 89 36 5d 


For this place we have no other determination of latitude and longitude for 


comparison with ours. 


Meridian. 


Deduced from a bearing to the Sun with the prismatic compass, in the early morning 22° 52'-6, 
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No. 9. Catcurra, in BenGAn. 


The observations were made in the Botanical Garden, south-west of the town. 
Mr. Grote, U.8., and Dr. Thomson, who at that time had charge of this well known 
scientific institution, most kindly allowed me (Hermann) to make use of it for the 
observations. The Calcutta Observatory, under the direction of Colonel Waugh, Sur- 
veyor General, and Major Thuillier, Deputy Surveyor, which we so often have occasion 
to mention, on account of corresponding observations and other scientific materials 
supplied, is at No. 35, Park-street. 


The following are the Observatory's 


Geographical Co-ordinates. 
Latitude North. Longitude: East Green. Height. 
22° 33/ 1" 88° 20' 34” 18 feet. 
(My instruments stood 12 feet above the Hugli at mean height.) 
One series. was made in March, 1856; the second in April, 1857. At Cal- 
cutta, I was kindly assisted by Baron George Liebig, M.D., then Assay Master of 


the Mint. 
A., Observations: 1856, March 23. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 


Sun, Lower Limb. 


1856, March 23. Horizontal Circle. Vertical Circle. 
AM. 
hom ss ° ou o 4 & 
1) 6 2 52 343 20 25 68 18 10 
2) 6 6 35 346 9 10 68 20 25 
P.M. 
hom sos or Ww ° row 
3) 6 11 10 349 11 20 68 19 5 
4) 6 18 39 354 7 15 68 10 55 
° 
Barom. $ eoet earn: Temp. of Air eee 


{ 29-792 inches. 88-2 Fahr. 


Calculated by Method IIL, from observations 1, 2, 3. 


True Altitude of Sun’s Centre at Apparent Noon.......-.... 68 36-4 
LatitudeNorth: 4.4.50 ha ee ee ete a ee Oa Sauteed 22 31-7 
Mean Noon (corrected for Equation of Time) ........0...... 6" Om 32* 
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Control. 


° i 
Calculated Apparent Altitude at 6" 18" 39"... 68 11-1 


Observation 2... ee 68 11-0 
Cale.—Obs. 2... ee ee + 0-1- 


Meridian. 
The considerable Altitude of the Sun being unfavourable for the calculation of the 


Meridian (though very good for Latitude), the Meridian was determined directly 


by observing the passage of » Argus and Alphard, and was found to be... . 346° 47'-6, 


B. Observations: 1857, April 13. 


Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


Meridian. 
Sun, Upper Limb. 
1857, April 13. Horizontal Circle. Vertical Circle. 
3h 13™ 18 292° 41’ 10” 24° 25! 50” 
° 
760-0 millim. 33-1 C. 

Barom. Temp. of Air 

arom emp. of Ait) oy tale 


29-922 inches. 
°o f 
67 30-5 


Hour Angle of Sun in Are... ........ 
207 12-1 


Meridian... 6. ok a ee 


GROUP III. 
VALLEY OF THE GANGES AND ITS TRIBUTARIES. 
STATIONS 10 ro 18. 


Rampur Bolea.— Kissenganj (Bariadangi).— Patna. SigéuliBenires. —Lakhnau.— Aligarh.— Agra.— 
: Mirath. 


No. 10. R&mpur Boénea, iw Basrern Bencau. 


This is a small town on the left side of the Ganges, situated 


branch Péppa. My observations were made in the civil station, near Mr. Herschel’s 


on its great eastern 


house, at a short distance from the river. 
Lieutenant Adams being taken very ill at this place, my (Hermann’s) observations 
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were limited to the determination of magnetic intensity. Mr. Herschel gave me his 


friendly assistance in putting up the instruments. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
24° 21’ 46" 88° 34/ 20” "54 feet. 
Latitude and longitude are taken from Thuill. App. 


No. 11. Kaissencdng, on Bantapdnor, 1s Western Benoa. 

This town is situated in the district of Pérnea, close to the Mahandddi. 

I here made a stay of two days, before beginning the boat voyage to the foot 
of the Khassia Hills. The cloudy state of the sky, the rains during this season being 
still very heavy, allowed only of evening observations for determining the meridian 
required for the magnetic declination. (Observer: Hermann, 1855, August 18.) 

The latitude and longitude is taken from the Revenue Map of Messrs. Fitzpatrick 


and Pemberton. 
Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
26° 6' 0” 87° 56 8” 140 feet. 


Determination of the Meridian. 
Deduced from the Transit of Antares in the Scorpion, in the early evening hours 258° 10/-4. 


No. 12. PArna, 1n Western BeEnean. 
This important place, situate on the right bank of the Ganges, is 377 wiles by 
land N.W. of Calcutta. Besides being a large native city with numerous suburbs, 
it contains extensive cantonments, and is remarkable for its antiquity and for the 


history connected with it. 
I had my instruments put up in the garden of Mr. Woodcock, then collector of 


the district—The dip was made in the shade of fine mango trees. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
25° 37’ 12” 85° 7’ 32” 170 feet. 
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Observations: 1857, February 6. 
Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


Latitude and Time. 


Sun, Lower Limb. 


1857, February 6. Horizontal Circle. Vertical Circle. 
A.M. 
h m 8 ° f “ ° ‘ “" 
1) 7 54 49 214 39 45 48 21 35 
2) 8 1 46 217 34 0 48 27 5 
P.M. 
h m 8 ° , “ ; ° / “ 
3) 8 15 10 222 25 27 48 27 40 
4) 8 23 40 229 8 58 48 41 13 
& ° 
751-2 millim. . 30-2 C. 
Boom { 29-575 inches. a 86-4 Fahr. 


‘Calculated by Method IIL. from observations 1, 2, 3. 


Apparent Noon deduced from 1 and 2................ 8h gm 5s 
Apparent Noon deduced from 2 and 3.............0.. 8h gm 58 
True Altitude of the Sun at the Culmination............ 48° 44'.9 
Sun’s Declination ©... ee ee 15° 36’-0 
Elevation of the Equator 2.2... 0. ee 64° 20". 
batitude: North) s-20igek o.2.ate hoor eh he ee a ee a RY dee 25° 39'-1 


For the Gola (Round House) at Patna, not very far from the place of observation, 
the G. T. 8. gives: 


° 


Juatitude Northicc. 6 6 us Be en ee ee eS GS 25 37 12 
Longitude East Green. 2... 0. 2 85 7 32 


Our own observations, being very near the meridian, are not well situated for a 


chronometric determination of longitude. 


Meridian. 


Calculated from corresponding Altitudes of the Sun . . 221° 51'-1. 


No. 13. Sicdunt, 1s Western BencAu. 


This important military frontier station of Bengal, towards Nepal, ix 24 miles 
distant from the southern border of the Tarai, an unhealthy tract of country at the 


base of the Himalaya. 
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My time being fully occupied with preparations for the journey to Nepal, | 
(Hermann) could only determine the magnetic dip. My instrument was put up in 
the compound of my friend Major Holmes, who, to my great regret, was murdered 


a few months later by the troop of irregular cavalry under his command. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
26° 46’ 41” 84° 44’ 26” 260 feet. 


Latitude and longitude are taken from the @. T. 8. 


No. 14. BenXres, 1s Hinvostin (N.W. Prov). 


Benadres, very beautifully situated on the left bank of the Ganges, is celebrated 
all over the world as one of the most sacred places for Hindu worship. It contains 
w remarkable number of religious monuments and institutions, and, amongst its 
population, proportionally more Brahmans, Paindits and Fakirs, than any other town 
of India. 

It is also distinguished for possessing a native observatory, built in the middle 
of the 17th century by Raja Jai Singh of Jaiandgger, minister to Mohaminad Shahi, 
Emperor of Déhli, who reigned from 1719 to 1748. It is now in a state of decay.’ 
Similar observatories, also constructed by Raja Jai Singh, were formerly in existence 
at Deéhli, at Mathra on the Jémna, and at Ujen (Oojein) in Malva. The following are 
the observatory’s 

Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
25° 18’ 26” 82° 59! 47” 325 feet. 
Latitude and longitude from G. T. S. 

My (Hermann’s) magnetic instruments were put up on a spot not very far from 
the English church at Bendres. On this day (1856, April 4), a heavy dust-storm 
unfortunately made it quite impossible to take proper observations of the sun from 


an unsheltered place. 


' The instruments of this observatory have heen described by Hunter in the Asiatic Society's Researches, ly 
Sir R. Varker in Phil, Trans. Vol. 67, 1777, p. 608, and by J. 8. Williams in Phil. Trans. Vol. 83, 1793, p. 43. In 


ILooker's Himalayan Journals (London, 1854), pp. 74 to 77, the principal instruments are very well represented iu 
woodeuts. 
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Meridian. 
When the dust-storm had somewhat subsided, the passage of Spica (a Virginis) 
was observed late in the night. 
Meridian ........ 101° 1’-9. 


No. 15. LAxandu, 1n Aun. 
This town, the capital of Audh, with a very large native population, estimated, 
before its annexation, at 300,000, is situated on the right side of the river Guiunti. 
Its geographical position, given below, has been minutely determined by Major 
Wilcox, who had charge, under the preceding native dynasty, of an astronomical 
observatory. ; 


My instruments were placed one mile S.S.E. of the. observatory. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
26° 51’ 10” 80° 55! 32” : 520 feet. 
Observations: 1856, April 9. 
Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 


Sun, Lower Limb. 


1856, April 9. Horizontal Circle. Vertical Circle. 
ALM. : 
hom ss ° oon o fu 
1) 4 52 56-0 266 32 20 59 27 40 
2) 4 59 28-4 268 43 20 60 39 45 
P.M. 
hom § ° ‘ “ o fon 
3) 8 58 17-0 29 34 40 50 1 
° > 
Barom. }. pee mn Temp. of Air oa 


29-221 inches. 90-0 Fahr. 
Caleulated by Method 1, from Observations 1 and 3. 


1. 2 (Control). 3. 
Retraction ........ — 0 32 — 030 — 044 
Parallax .....0.-0-. + 0 5 + 0 5 + 0 5 
Semidiameter ...... + 16 0] + 16 o9 + 16 0 


Sum of Corr... 2) -F 15 33 [- 15 35 fe 15 21 
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’ “ 


° o 4 
1) kh corr. = 59 43 13 6 = 7 38 55 
7 42 41 


3) fh’ corr. = 50 16 21 ve Th 
Latitude North ..............-.2...- 26° 54°38 
Time: Mean Noon (corr. for Equation of Time) 6» 29™ 54° 
Control. 
° i 
Calculated Apparent Altitude. ./.... 60 38-3 
Observation ......-..-...0005 -- 60 39-7 
Cale.—Obs. ........-.... a 1-4 
Meridian. 
Deduced from the Observations of the Sun... . . 321° 29/-4, 


No. 16. Axicdna, in HinpostdAn (N.W. Prov.). 
A town of considerable importance, and a civil station, 84 miles south-east of Dehli. 
Mr. Charles Gubbins had the kindness to communicate to me (Hermann) his 
observations of latitude and longitude, as well as the position of his meridian marks, 
all based upon a series of most careful and often repeated operations. ‘The meridian 


marks consisted of delicate lines traced upon glass, and were fixed in solid walls. 
‘ “a 


° 
The G. T. S. gives for the Fort: Lat. N. ..... 27 55 41 
” ‘i Long. E. Green. 78 ‘2 48 


‘The latitude and longitude, given below, referring to the place of observation 
itself, are those determined by Mr. Gubbins. 
Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
27° 53’ 50” 78° 3° 55" 760. feet. 


No. 17. Acra, w Hinvosrdn (N. W. Prov). 
latitude and longitude, as determined by the G. T. 8, are referred to the Taj 
Mahal Dome. The observations of equal altitudes for determining meridian and decli- 
nation were made near the house of General Boileau, who had kindly invited me to 


sta it i i 
stay with him. Observer: Hermann. 1856, April 15. 


The declination was ascertained here by comparison with the meridian deduced 
from low corresponding altitudes of the sun, 1856, April 15: 


Meridian thus found ............-.- 100° 2’.9. 
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Geographical Co-ordinates. 
Referred to the Taj, G. T. S. 


Latitude North. Longitude East Green. Height. 
27° 10’ 26” 78° 1’ 39” 657 feet. 


No. 18. Mfritu, m Hrpvosran (N.W. Prov.). 
A large town, and very important military station, 25 miles west of the Ganges, 


and 30 miles east of the Jémna. It is one of the finest stations in Upper India. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
29° Of 41” 77° 41' 48” 865 feet. 


Latitude and longitude from G. T. 8. 
Though staying but a short time during the hottest hours of the day, I (Hermann) 
determined the magnetic declination, making use of Mr. Gubbins’ previous meridional 


marks. 


GROUP IV. 
PANJAB, SINDH, AND KACH. 
STATIONS 19 to 30. 


Ambéla.—Lahir.— Raulpindi.— Peshaur Shahpur.—Déra Isméel Khan.—Multan.—Shikarpur.— 
Sévan.— Karrachi.—Bhiij.—Rajkét. 


No. 19. AMBALA, IN SARHIND (PANJAB). 

This large station, in the Cis-Satlej division, contains extensive barracks and can- 
tonments. It is situated 40 miles distant from the southern foot of the Himalaya, in 
a highly cultivated, level plain. 

Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
30° 21! 25” 76° 48% £9" 1,926 fect. 
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Observations: 1857, January 15. 
Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


Latitude and Time. 
Sun, Upper Limb. 


1857, January 15. Horizontal Circle. Vertical Circle. 
AM, 
hom s o-:r Ww “o 1 i 
1) 7 28 35 146 6 30 36 17 15 
P.M. 
ho mis ° son ° son 
2) 10 7 35 31 43 20 34 39 27 
3) 1013 2 33 6 40 34 8 5 
°o 
740-9 millim. 34-0 C. 
Barom. a ” Temp. of Air 2! 
29-170 inches. . 93-2 Fahr. 


Calculated by Method J., from the Observations 1 and 3. 


1, 3. 2. (Control). 
a “a ‘ au ‘ “ 
Refraction ........ — 113 — 118 — 121 
Parallax ......... + 7 + 6 + 6 
Semidiameter ...... — 16 17 — 1617 — 1617 
Sum of Corr. ... — 17 23 -— 17 29 — 17 32° 
° ‘ “a oe “a 
h corr. = 35 59 52 § = — 217 51 
h’ corr. = 33 50 37 s = — 21 6 39 
Latitude North... 0... ee ee ee 30° 12’.7 
Time: Mean Noon (corrected for Equation of Time)... 8” 28™ 25* 
Control. 
Calculated Altitude corresponding to obs. 2... 34 38-9 
Observed Altitude... 2... ......0...0000- 34 39-5 
Cale Ob8:. 6... ba and Peep ee eg 84 peat — 0-6 
Latitude and longitude given above are G. T. 8. values. 
Meridian. 
Deduced from the Observations of the Sun... 6° 4'-3. 


No. 20. Landér, in THE PAnsAB. 

This famous city was formerly the principal seat of the Sikh Empire, and even 
now is the capital of the Panjab. It is situated in the Bari Dudb, about one mile 
east of the Ravi, the smallest of the Panjab rivers. 

20 * 
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The Knropean quarter, a little sonth of the native town, is called Anarkélli; it 


was here that the instruments were put up. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
31° Bd! 5” 74° 14! 37” 790 feet. 


Observations: 1857, January 9. 


lnstruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


Latitude. 
1857, January 9. Horizontal Circle. Vertical Circle. 
Saturn. 

(he ring being distinctly divided into two equal parts by the central wire.) 
45 20" 14°. 265° 54’ 10” 39° 50’ 55” 
Polaris. 
4h 43m 438 32° 52! 45” 

° 
746-4 millim. 16-0 C. 
Barom. Temp. of Air 


29-386 inches. 60-8 Fahr. 


The corresponding mean local time was deduced from the observations of Saturn, 
an approximate latitude being introduced. By the second approximation we obtain 


from Polaris: 


Latitude North ......... 31° 42’ 30”. 
‘ime. 
Sidereal Time at 4" 20" 14%. Chron. 3, by first Approximation .. . ) soe 
i by second Approximation .. 2 59-3 
Meridian. 
Teduced from the Observations of Saturn... 0° 6'-0., 


No. 21. Ravuupinpl, IN THE PANJAN. 
A large military station, situated in the northern part. of the Sindh Nager Diab, 
about half way distant from the Indus and the Jhilum. 
We staid here a little longer than usual, in order to make a general comparison 
of our chronometers and magnetic instruments. 
The instruments were put up at a considerable distance trom the native town, in 


the cantonment. 
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Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
33° 36’ 30” 72° 59! 49" 1,674 feet. 


Observations: 1856, December 2 and 3. 


Instruments: Theodolite 2, Jones; Chron. 3; Barom. 6, Adie. Observer: Robert. 


7 Latitude and Time. 
1856, December 3. Horizontal Circle. Vertical Circle. 
ALM, 


Sun, Upper Limb. 


h m 8 ’ “ , “ 
1) 4 27 58 177 35 20 26 41 45 
Sun, Lower Limb. 

ho mi os oof Ww “0 4 4 
2) 4 36 18 179 31 15 27 4 20 
3) 4 38 45 180 4 45 27 20 20 

4) 4 42 15 180 55 5 27 42 
5) 4 45 33 181 41 40 28 3 ? 
6) 4 48 35 182 24 0 28 21 15 

P.M. 
Sun, Upper Limb. 
h n 8 ‘ “ , “ 
7) 8 21 10 238 45 25 29 13 15 
8) 8 25 24 239 45 45 28 47 15 
9) 8 27 45 240 19 45 28 33 45 
10) 8 37 51 242 39 40 27 29 40 
11) 8 43 16 243 54 35 26 53 45 
12) 8 48 39 245 6 50 26 16 15 
° 
Barom. | ae mall Temp. of Air Hee = 
{ 28-308 inches: 64-0 Vahr. 


Calculated by Method II. 


As the first data of observations, the mean of 2, 3, 4, 5, and G was taken; the 
corresponding altitude, after the culmination, is interpolated from observations 10 
and 11. 

Latilde Nortli¢ 4 dceiee tate ok Oe ea a ee ee ee a CRBS BY 


Time: Mean Noon, taking into the calculation the variation of the Sun's 
Declination during the period of the observations .......... G 46m 25" 
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Second Approvimation. 


Comparison of the Different Single Observation ith the Elements deduced from the First Approximation. 

























































































































































Sq = 
Group L. Group II. 
; 7 [- ede Se sates . = 
2. 3. 4, 5. 7 4. 9. 10. 11. 12. 
| 
Po ete 
Time by Chronometer 4227" 58" 4h 36™ 18° 4” 38 458 4" 49™ 158 44 453 33 harm yo} 88 25" 24° 8" 27 455 8h 37"518 8h 43" 165 8"48™ 39:|'Time by Chronometer. 
Mean Noon from 1st G> 46™ 25° ee Gh 46™ 258 6" 46" 95% 6>4G6™958 giggmas'| 6 46259 G"46™ 25" 6G" 46™ 25° 6! 46™ 25° 6546" 25*]Mean Noon jfrom Ist 
7 Sara | ‘ ne . 
Mean LocalTime) Approx. |— 2518"27%— 2610™ 75 2» 7™ 40% — 2h 4m 10 gh gm joa 13g ae 1" 38" 59"]+- 18412053 1"51™26%}-4+ 1° 56™515-- 2h am14s Mean Local Time) Approx. | 
Equation of Time ... .|+ 9™ 5694 9™ 563/-+ 9™ 5634 9” 565-- 9” 565)_ + 9555} 9™ 55/4 9™ 549)-4- 9™ 545] 9™ 54°] 9™ 549! Equation of Time. 
Hour Angle in Time . .J— 2" 8™31%— 2h Om1)5— 15574429 1b54my 4s]. ph 5Qm5g3]_ 4 ggngo} 148m 545+ 1) 51 144) 2» 1™20%4 Qh 6m 45% 4. ghygm gt Hour Angle in Time. 
Hour Angle in Arc = ¢ .J— 32° 7'.8 |—30°2’.8 |--29°26'-0 |—28°33'.5 |—27°44’.0 |—26°58'.5 4$26°10'.0 |-27°13'-5 |4+27°48".5 |4-30°20'-0 [4319413 [+ 33° 9'.0 |Hour Angle in Arc = t. 
8 (Sun’s Declination) . .|—22°9’.4 |—22°9’.4 |—22° 9’.4 j— 22° 9’.4 |—99° 9/.4 |-99° gig F 99° of.5 [99° 97.5 |—22° 9/5 |—22° 9/-5 |—29° 97-5 |—29° 9/.5 18 = Sun's Declination. 
sing smd .......- —0-20881 |—0-20881 |—0-20881 |—0-20881 |—0-20881 |—0.20881 f —0.20882 |—0-20882 |—0.20882 |—0.20882 | —0-20882 /—0-20882 |sin g sin 5. 
' cos @ cos 8 cos ¢ .|+ 0.65311 [+ 0-66757 |-+ 0-67152 |+0-67739 |-+ 0.68262 |+-0-6873 } +0-69217 |+0-68577 |4-0-68215 |4-0-66563 |+0-65623 +40-64654 |cos @ cos & cos t. 
Sum = sinh! 0.44430 | 0.45876 | 0.46271 | 0.46858 | 0-47381 | o-d7as | o4sa35 | 0.47605 | .0-47333 | 0.45681 | 0.44741 | 0.43772 [Sum = sin J. 
| : 
| h (True Altitude of the h (True Altitude of the 
Sun's Centre)... .| 26°22'-7 | 27°18'-4 | 27°33'-8 | 27°56'-5 | 28°17'-0 | 2635.3 | 28°42 | 2829.2 | 28°15'-1 27°10'-9 | 26°34'-7 | 25°57'-6 Sun’s Centre). 
Refraction ........- + 1’ + Vv.8 j4 Ve7 |4 Ve7 [+ We J4 Gt 4 16 I+} We7 I+ Ve7 |4+ V8 [4 Ws f+ 1'.9 | Refraction. 
Parallax ........- es o-1 |— 0-1 J— 0-1 J— O01 I— o1j—- O1F- O81 JH o-1 Jo o.1 Je o-1 Ie o-1 [— o'.1 | Parallax. 
= a eer? Be —- — - 
Apparent calcul. Altitude Apparent calcul. Altitude 
of the Sun’s Centre .| | 26°24'-5 27°20'-1 27° 35’. 4 27°58'-1 2B°18'-G | 28°36"8 F oe 28°30'-8 | 28°16'-7 27° 12'-6 26° 36'-4 25°59". 4 of the Sun’s Centre. 
++ Sun's Semidiameter ./4 16-3 |— 16-3 |— 16-3 \——s-16-38 16-3 J— 16d 3" 163 |4+ 16-3 J--" 16-3 [Ee 16-3 [+ 16-3 3 |-+ Sun’s Semidiameter. 
! | 2 - 
Calculated Observation .| 26°40'-8 97° 3/.8 | .27°19'-1 27° 41'.8 98° 2'.3 29°205 29° 12.0 98° 47'.1 28° 33'.0 27° 28'.9 26° 52'.7 96°15'-7 |Caleulated Observation. 
Direct Observation ...| 27°41'-7 27° 4'.3 97°20'.3 7249.9 | 28° 31 28° 21'.3 29° 13'.9 28°47! .3 28° 33'.7 97°29'.7 26° 53!.7 96° 16’.2 |Direct Observation. 
Cale.—Obs.. 2.0.0 05 -- = 0-9 |— 0.5 | yg J 02 — 0'.8 fe a 0.2 J 0-7 JH 0.8 |— 0 |— 0'.5 | Cale.—Obs. 
\ t 
i 
Group A. Group B. 
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The preceding table shows very small errors: this, consequently, allows of as 
accurate a result being obtained (and in a shorter way), as by the application of the 
method of least squares. The mean of errors is: 


for Group ide se. a a eee es — 0- 
for Group Bw... 2... ee ee ee ee —o0 


and the sum of the squares of errors 
Since the mean error is equally great, and has the same sign before and after 
the culmination, the meridian remains unaltered; besides, the observations being 
near the meridian, the differential of latitude is equal to the differential of altitude. 
Therefore a decrease of latitude for 0''7 appears to give the best result: 
Latitude North ............. 33° 36’ 30”. 
With this corrected latitude (33° 36’ 30”), and the noon, as obtained above, the 


remaining differences between calculated and direct observation are: 


No. of Observ. Cale.—Obs. No. of Observ. Cale.—Obs. 
1 _ 0-2 7 — 0-5 
2 + 0-2 8 + 0-5 
3 — 0:5 | 9 — 0-0 
4 +0:5 10 — 01 
5 — 0-1 11 — 0-3 
6 — 0-1 12 -- 0-2 





The sum of the squares of errors is now diminished from 8’:10 to 1:11. 
Thuill. App. gives latitude 33° 34’ 40” N. 


Longitude. 
A, By Lunar Distances. : 
1856. December 2. Horizontal Cirele. Vertical Circle. 
Jupiter. 
1" 44m 178 304° 10' 30” 54° 39! 45” 
Moon, Lower Limb. 
hom x o - “ ° t “ 
129 4 250 49 40 20 57 25 
1 51 39 255 9 25 17 57 15 
o 
721-4 millim. i . 13-2 C. 
vem 28-402 inches. Fomine 55-8 VFahr. 


The two observations of the moon have been used in order to interpolate her 
apparent co-ordinates for the time when Jupiter was observed. We obtain for the moon 
at 1h 44 17° © 253° 44°.7 18° 56’-1. 
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Reduction to geocentric and true Altitudes. 


(Compare the more detailed calculations pp. 112 and 113.) 


Moon Jupiter. 
z é 
Refraction ........ — 2-6 — 0-6 
Parallax ......... + 53-9 0-0 
Semidiameter ...... + 15-6 Ge ssc 
Sum of Corr... -- 66-9 — 0-6 
Arc of the Almucantarat . 2... .0..0.0..0....0-20-0. 49° 34'.2 


Therefore : 
True geocentric Distance between the Moon and Jupiter 50° 47'.7 


booms 


Corresponding Green;, Time: 2. sve ie o8 het Go ae aes 2 8 48 
Uorresponding Mean Local Time .............0-000 00005 6 57 52 
Longitude in Time......... patna by dh, bk peeps OG Bu bites de Lapa weak so 449 4 


By calculating the Altitudes of the Moon, we obtain the Longitude in Time East 


of Green. 4° 48": 3. 
B. By Chronometer 1. 


The short interval of time between the observations at Raulpindi and at Peshaur 
was very favourable for the determination of the difference of longitude }by chron. 1, 
the rate of which (XV.) had been very accurately ascertained. Peshaur, at the same 
time, had the advantage of being a station fixed by the G. T.S. in direct connection 
with its minute operations of the measurement of arc in Sindh. 
Mean Noon at Raulpindi, by Chron. 1, from a comparison, December 3, with Chrov.3) , ,, 
(SCCsP: LOO). 25 8 hs -aektens fie Ae ee ek Ee a ee hom, Bebo . Poe ed 7 18 58-8 


The rate (XV.) of Chron. 1 has been found to be, from Marri, November 13. to Adolphe’s 
last Observations = Losing 3*-5 


Mean Noon at Raulpindi for December 22, corrected for rate... .......0.0- 7:17 52 

Mean Noon at Peshéwr, December 22..............-! Sed fe oh stds Sake Rael waneee 7 23 44 

Meridional Difference in ‘Time 2... 0.0 eee 5 52 

° ‘ wn 

“ é UN ATC Sciortino, Sen Sat Map irate thet et A Sas dle ag Sandal ie Seth eae Sena ee 128 0 

Peshiur, Hast of Green. . 0.0 ee ee 71 33 19 
Raulpindi, East of Green... 0. 0 ee eee “73° 119 ~~ 


This result of chronometric longitude, which we adopt, only differs from the 


approximate value (73° 1” 55’) given in Thuill. App. by 0’ 36” in are. 


Meridian. 
Deduced from Altitudes of the Sun... 000.000, 211° 37'-0. 
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No. 22. Prsudur, 1n tHe Pxnsdu. 

On account of its position, west of the Indus and near the frontier of Kabul. 
this is one of the most important military and political stations of north-western 
India, with very large cantonments. 

The instruments were set up near the lower end of the Sddder bazar (principal 


bazar), in a large open space before the mess house of the European Infantry barracks. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green, Height. 
34° 3/ 10" 71° 33’ 19” 1,250 feet. 


Observations: 1856, December 22. 
Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 11, Pistor. Observer: Adolphe. 


Latitude and Time. 
Sun, Upper Limb. 


1856, December 22. Horizontal Circle. Vertical Circle. 
AGM. 
h m 8 ° ‘ “ ° i “" 
1) 6 49 22 281 35 33 32 12 10 
2) 7 4 22 285 38 10 32 36 0 
3) 712 8 287 44 20 32 44 20 
4) 7 21 44 290 23 0 32 46 50 
PLM. 
homies oon Ww ° you 
5) 7 28 29 292 12 20 32 46 45 
6) 7 39 G6 295 3 20 32 40 15 
7) 7 58 39 B00 20 55 32 11 26 
° 
fai. 734-1 amills ‘iSuppli Ale 15-6 C 
28-902 inches. . 60-1 Fahv. 


First Approximation. 


CGircum-meridional altitudes. calculated from 3, 4, and 5, by Method TIT. 


Apparent Altitude of Sun's Upper Limb, when culminating... . #2 4659 
ReffractiOn 006. e ee ae ee OS ae a ee ae — 1 26 
Parallax . 0.6 6 eee + 0 7 
Somidiameter . 0. 0 ee — 16 Ls 


Sum Of Cones. 2 &ea: eed Fane Oak a ae En ae — 17 37 
Caleulated true Altitude . 2... 20-2200 ee 32 29 22 
Sun’s Declination 2.000 -- 2b 27 28 
22 oh Bot hod 34 3 10 


Th a5m 47 


Latitude Nei ee EES ata ee ve Goes 
Time: Mean Noon (corr. for Equation of Time) ....... . 


«IG 








Second Approximation. 











Time of Observ. by Chron. 1 
Apparent Noon (from 1st 

Approximation) ..... 
Hour Angle in Time 
Hour Angle in Arc = ¢ . 
8 = Sun’s Declination . . 


sing sinS8.......... 
cos @ cos 8 cost 


Sum = sinh.... 


h = true Altitude of the 

Sun’s Centre 
Refraction 
Parallax 


Apparent calc. Altitude of 
Centre 
_- Sun’s Semidiameter . . 


Calculated Observation . . 
Direct Observation 


Calc.— Obs. 






































Group uA. 





Group B. 








P.M. 
Group I, Group II. 
; as 
5. | 6. 
Gh 49™ 295 7h 4m 998 7h 12" Bs 7h 24™ 448 7h 28™ 29s 7h 39" 68 75 58™ 398 
7) 24m 448 7> 24™ 448 7h 24m 448 7» 24™ 448 7% 24™ 449 7" 24m 44° 7 24m 446 
7} 
. {— OF 35™ 225 |— Oh 20™ 29° |— oh 12™ 363 |— OF 3m OFl4 OP 3™ 45% |-+4 OF 14™ 225 |4 Qh 33m 55s 
— 9° 20'-5 |— 5° 5'-5 J— 3° 9-0 |— 0° 45-0 }4+ 0° 56’-3 |4+ 3° 35’-3 J+ 8° 28.8 
. J— 23° 27-5 |— 23° 27'.5 |— 13° 277-5 23° 27'-5 |— 23° 27-5 |— 23° 27'.5 |— 23° 27'.5 
— 0-22291 |— 0.22291 j— 0.22291 0-22291 j}— 0-22291 |— 0-22291 |— 0.22291 
+ 0-74997 (+ 0-75706 |+ 0-75890 0-75998 J+ 0-75994 |4+ 0-75856 {+ 0-75173 
0-52706 0-53415 0.53599 | 0-53707 0-53703 0-53565 0-52882 
31° 487-4 32° 17’. 32° 24'-6 32° 29°. 32° 28'-9 32° 23'.2 31° 55'-6 
“4 1’.4 ‘ V4 tl Ved [4+ Ved {+ \'.4 
“1 0’. 0’. = 0O'-1 J— 0-1 J— 0'-1 
32° 18’. 32° 25/. 32° 30'- 32° 30-2 32° 24'-5 31° 56'-9 
16’. 16'- 16’-3 J+ 10’-3 |+ 16'-3 J+ 16'.3 
32° 34’. 32° 42’. 32° 46'-6 32° 46’-5 32° 40'.8 32° 13’.2 
32° 36’- 32° 44’. 32° 46’. 32° 46’-6 i 32° 40'- 32° 11'-4 
oF 2. oy fe Oy i 0.5 [4+ 1-8 
a 





“AT dNOUD 


‘HOYH ONY ‘HUNIS ‘dycNyd 


Syl 
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The mean of errors 
from Group .{ (Observation 1 being excluded) =: — 1/4 
from Group Bow... eee ee eee = + 13 
These numbers being very nearly equal, but with opposite signs, it results, as can 


be directly seen, that 
do = 0, 


and dt can be deduced directly from the equation 


Oo = + 0-16 — 8-97 dt. 


the co-efficients being logarithmical. 


dt = + 15'-0 dT = — 1" 0s 
therefore: : 
Latitude N. .. = @ = 34° 3’ 10”, remaining unaltered, 


Apparent Noon = 7T = 7» 23” 44°, 
The direct. readings are obtained within a few tenths of the minute by introducing 
these elements. 


(The latitude of Peshaur as given by the G. T. &. is 


Latitude North 34° 4/ 44” 
referred to the fort.) 


Longitude. 
The G. T.S. gives Longitude East Green... 2... . 71° 33' 19”, 
Meridian. 
Deduced from Observations of the Sun... ... 290° 5B, 


No. 23. SuHdAupur, in THE PXNJAB. 


This small town has been recently selected as a military and civil station. It 
is situated in the Jéch Dudb, about two miles distant from the left bank of the 


Jhilum. 
I had my theodolite placed near the commanding officer’s house. 


Greagraphical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
32° 14’ 0” 72° 32' 30" ' 680 feet. 
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Observations: 1856, December 28. 


Instruments: Theodolite 1, Jones; Chron. 4; Barom. 8, Pistor. Observer: Robert. 


Latitude and Time. 


1856, December 28. Horizontal Circle. Vertical Cirele. 
AM. 


Sun, Lower Limb. 


h m 8 ° ‘ “ ° ‘ “uw 

1 417 51 71 4 33 18 21 20 
2) 4 26 47 72 46 47 19 46 0 
3) 4 32 8 73 46 30 20 30 0 
4) 4 37 33 74 50 33 21 15 10 
5) 64 46 35 76 37 50 22 29 55 
6) 4 59 33 79 19 50 24 13 10 

P.M. 
Sun, Upper Limb. 

h om 6 vo fou oO fr uw 

7) 9 54 27 153 39 30 24 14 25 
8) 10 2 38 135 19 10 23 710 
9) 10 18 31 158 26 45 20 57 10 
10) 10 23 10 159 20 40 20 14 55 
11) 10 29 57 160 35 43 19 16 40 
12) 10 37 8 161 56 45 18 15 15 

oes “W78 2: 
Barom. ey sellin Temp. of Air ee 
29-567 inches. 53-2 Fahr. 


First Approximation. 


Calculated by Method I, from Observations 6 and 12. 


6 12. 
i “a é “a 
Refraction... 2... — 214 — 259 
Parallyx Saf igs Real Rea + 0 8 + 0 8 
Semidiameter..... + 16 18 — 16 18 
Sum of Corr... + 1412 —19 9— 
fe} é ° ‘ 
6) h corr, = 24 27-4 & = — 2317-7 
12) kh’ corr. = 17 56-1 & = — 23 17-0 
Latitude Nive o250%, 23. BOA ee bo eh Bo Sale 32° 18'-5 


Time: Mean Noon (corr. for Equation of Time) 7h 23m Js, 
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Sean Approximation. 


Comparison of the Single Observations sith the Elements obtained by the Virst Approximation. 








Group I. Group IL 
ALM. P.M. 
——= —_—_—_—7__ 
L 2 3. 4 5. ? 3 9 10. il 

























Time of Observation by Time of Observation by 











Chron. 4 .......... 45 17™ 51° 4” 26™ 47° 4h 32m Bs 4" 37m 338 4 4Gm 5s gh 5g 978| 10% 2™ 388 10" 18™ 318 10" 23™ 108 10" 29" 578 Chron. 4. 
Mean Noon / from Ist a 7b Q3m J8 7" 23™ 18 793m Ye 7» 93m 4s 7h 93m js 79m qs ph ygm ys Th ggm ys 7h ygm ye 7h 93m 18! Mean Noon froin 1st 
Mean Local Time } Approx. -— 3h 5" 10*]— 2 56" 14*/— 28 50" 53*|— 28 45" 26"|— 22626] Tx gim amp ah ao" a7*[+ 2h 55" 30°[+ BY Om 9 [4 g = 56°] Mean Local Time } Approx. 
Equation of Time ...... — 1™ 548 |— 1™ 54° |— 1™ 548 |— 1™ 54° )— 175F gm gs} ym os|— 27 3 |— 2™ 08 |— Q™ Q*| Equation of Time. 








Hour Angle in Time .... [— 3" -7m 48/— 2h 58™ 8*|/— 2h §2™ 478/— Qh 47m 998 
Hour Angle in Arc = f . . J 46° 46'-0) |— 44° 82'-0 | 43° 11-7 |— 41° 50'-5 


—- 2h 38™ 99 4 229" 26°] 2h 37™ 3973/4 2h 53" 308] 2h 58™ 98} 3h 4m 56°} Hour Angle in Time. 
— 39° 35.0 Pramas [439° 24’-2 [443° 29-5 |4 44°32'.2 |4 46°14'-0 | Hour Angle in Arc -= ¢. 
7 











§ = Sun’s Declination ©. . |— 28° 17-4 [— 23° 17'-4 |— 23°17'-4 |— 23917-41289 17-4 Fp geez | ag? 16-7 | 23° 16" — 93° 16'-7 |— 23°16'-7 3 == Sun’s Declination. 
sing sm6 .......... — 0-21133) |— 0-21133) |— 0-21133) |— 0.21133 |— 0-21133 —(0-21122 «|— 0-21122 |— 0-21122 |— o-21122 sin 9 sin 8. 
cos@ cos cosf....... + 0-53175) |+ 0-55339 |+ 0-56596 [+ 0-57835 |+ 0-59830 4+0-61710 |+ 0-59990 |+ 0-56432 |4 0-55340 cos @ cos 8 cos f 

Sum = sinkh.... 0- 32042 0-34206 0- 35463 0-36702 0.38697 (0.40588 0.38868 0.35310 0-34218 Sum = sinh. 


h (True Altitude of the Sun’s h (True Altitude of the Sun's 


Centre) ae eilsneachte ne, gcaeeces aree 18° 41'.3 20° 0'.2 20° 46'.3 21° 31-9 22° 46-0 93° 56.9 yye 52'.3 20° 40'-7 20° O!.7 19° 0.9 Centre). 
Refraction .........-. + 2-9 [4 2'-7 + 5 if Wd | 23 $e dy Yea fe 25 fe W.6 f+ Das] Refraction. 
Parallax... 0.0 ee _ OL i= ee es Of OLR - on fe oer Jo es a U-1 fo 0-1 Parallax. 

| 




















Apparent cale. Altitude of 2 Apparent cale. Altitude of 
Centre 2... ..00.24- 18° 44-1 20° 2'.8 20° 48'-7 21° 34'-2 22° 48'2 2° 59'-0 2° 54'.G 20° 437-1 20° 3.2 19® 3'-G Centre. 
+ Sun’s Semidiameter ©... -- 16-3 J— 16-38 J 6B | 16-3 |— 163 FP + eg Ly Gg + 16-3 |+ 16-3 |4 = 16-3 | + Sun’s Semidiameter. 
eign a ete et - . 
Calculated Observation . . . 18° 27'.8 19° 46'-5 20° 32/-4 21°17/-9 | 29°81". BW .3 23° 10/9 20° 59-4 20° 19.5 19° 19'.9 Calculated Observation. 
Direct Observation ..... 18° 21'.3 19°@6'-0 20° 80/-0 21°152 | 22°29-9 FMT 23° 7.2 20° 577-2 20°14’. 9 19° 16'.7 | Direct Observation. 
Cale—Ohs. oo ee 4 66 le ae fh arg fp wT te MOP tog lyon [ 2 |e 46 [4 3'.9 | Cale.—Obs. 











Group A. Group 2. 
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The mean of the deviations (Calc——Obs.) is: 


in Group A = + 2'-5 


in Group B 


= 4+ 2-4, 


AND LONGITUDES., 


We obtain the following differential equations for reducing the errors to their minimum: 


1) 0 = + 0-39 — 9-84 dp + 9-72 dt 
2) 0 = + 0-42 — 9-84 dp — 9-72 at, 


the co-etficients being logarithmical. 


The solution of these equations gives: 


dp = — 4-5 
dt = + 0.0; 


therefore. 


Latitude N. = 9 = 32° 14'.0 
Mean Noon = T = 7» 23™ 18, 


The following table shows the remaining errors after the new elements are introduced: 


No. of Observ. Calc.—Obs. 
1 + 4-0 
2 — 2-0 
3 — 0-1 
4 + 0-2 
5 — 0-5 
6 — 2-5 
7 — 1-5 
8 + 1-3 
9 — 0-2 
10 + 2.2 
11 + 0-8 
12 — 2-4 
Longitude. 
Mean Noon at Shahpur, by Chron. 4, deduced from Observations of the Sun, , ,, , 
1856, December 28....-........-.4. Pah gh So car teas ta ede Red 723 1 
Mean Noon at Shahpur, corrected for rate since the last comparison at Raul- 
pindi, December 17, Rate = XIV. = gaining 15° ........... 7 20 10 
Mean Noon at Raulpindi, December 17, by Chron.4 .....-.......2.4. 7 18 21 
Meridional Difference in Time ©... 22 ee 1 49" 
= 27’ 15" in Are. 
Raulpindi East of Greenwich... ...... 72 59 49 
Shahpur West of Raulpindi..........- 27 «15 
Shahpur East of Greenwich... .. 2... - “72 32 34 : 


We have no other data of latitude and longitude exact 


enough 


for comparison. 
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Meridian. 


Peduced from the Apparent Noon, as obtained by the second Approximation 102° 18/.0, 


No. 24. Déra Ismde, Kuan, in tHe PAnsSs. 

This station is situated on the right (western) side of the Indus, but its position 
was changed after being entirely destroyed by the floods of this large river. Even 
“now it is not quite secured against the dangerous effects produced by a sudden rise 
of the Indus. 

Déra, Ismael Khan is an important commercial place on one of the great routes 


which lead from the Panjab to the northern parts of Sindh. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
31° 39’ 35” 70° 56' 30” 478 feet. 


Observations: 1857, February 25. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 11, Pistor. Observer: Adolphe. 
Latitude and Time. 


a. Observations of the Sun. 


1857, February 25. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
A.M, 
h mn 8 ° , “a ° ‘ “ 
1) 5 10 48 2 32 20 36 29 25 
2) 517 19 4 6 40 37 28 30 
3) 4 2h 16 2 5 30 38 39 40 
P.M. 
hom a oor ” ° ’ “ 
4) 10 32 4 102 37 5 31 50 10 
5) 10 38 47 104 1 0 30 39 45 
. 6) 10 44 24 105 9 20 29 40 45 
° 
Barom. } panies nee. . Temp. of Air rai . 
{ 29-127 inches. : 74-8 Vahr. 
I. = Mean a.m. 
5h o17™ 48" 37° 32 32" 


I]. = Mean p.m. 
10> 38" 258 30° 43 33” 
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Calewlated by Method 1. 


I IL. 
' ! 
Refraction . 2.0.2... 2.00. — 1-2 — 41-5 
Parallax... ee ee + 0-1 + 0-1 
Semidiameter .......... — 16-2 — 16-2 
Sum of Corr, 2.0.08, Ser TSI 
o 4 o 
l. h corr. = 37 15-3 §= — 96-5 
ll. A’ corr. 30 25-9 v= — 9 1-8 


Latitude. N.o ens ee ev a ee ee 31° 38'-5 
Time: Mean Noon (corr. for Equation of Time) 7" 23” 10° 


A comparison of the single observations is not necessary, as the altitudes inter- 


polated from the single observations, corresponding to the times of Mean I. and IL, 


are nearly identical with these means. 


b. Observations of Alnifak, in the girdle of Orion. 
A second determination of latitude was made as follows: 


1857, February 25. Alnitak. 


Altitude. 
° i 
n Rs Ds x: Vertical Circle 37 46-0 
17 23:10 Chron. 1. Refraction... -- 1-2 


- 10 0 0 Mean’Local Time rw) Cais Aue oe 


15-1 C. 
59-2 Fahy. 


(40-4 inillim, ‘fairer Ale 





Barom. eat 
{ 29.150 inches. 


R.A. and 3 taken from the British Association Catalogue and reduced to the 


time of observation : 
HAS = 6 B38" 32" & =: — 2° 17-8, 


Latitude Ne s.deeccate hia ea ee 31° 40°. 7, 


As definitive result we adopt the mean: 


Latitude No 0... ee ee B1° 39% 35", 


Longitude. 


We have no very exact data of latitude for comparison, the maps here differing 


very considerably, but not so for longitude. The value given above is the mean of 


the best naps which our brother had the opportiunty of examining and comparing. 
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He adopted: 


Longitude E. Green. ........-.-.. 70° 56/ 30", 


The resulting rate XV., giving very good chronometric longitudes for the other 
stations, is another proof of the adopted longitude being correct. 


Meridian. 


Deduced from Altitudes of the Sun... ... 49° 24/-0, 


No. 25. Murray, m tHe PAngdn. 


This ancient city, the Malitan, or place of Malis, known since the time of 
Alexander the Great's expeditions in the Panjab, is situated in the Jéch Dudb, three 
miles east. of the Chinib. The station is surrounded by gardens and groves of very 
beautiful trees, which form a striking contrast to the general barrenness and aridity 


of the adjacent country. 


The instruments were placed in the large open compound which is attached to 
the Government dak bangalo. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
80° 10% 10” 71° 34’ 34" 480 fect. 


Observations: 1857, January &. 


Instruments: Theodolite 1, Jones; Chron. 4; Barom. & Pistor. Observer: Robert. 


Latitude and Time. 
1857, January 8. Horizontal Circle. Vertical Circle. 
ALM. 


Sun, Lower Limb. 


o é ae oO i at oO é ua 

1) 4 53 3h 77 20 30 24.17 12 

2) 457 36 77 58 50 24 Bd 27 

() 3) 6 1 0 78 38 33 25 21 42 


he 
we 
* 
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P.M. 


Sun, Upper Limb. 


° é aw °° ‘ “ ° f “a 
{ 4) 1011 31 158 58 50 26 0 22 
I \ 5) 10 16 52 159 58 30 25 16 17 
a 6) 10 22 30 161 8 30 24 32.27 
7) 10 25 48 16] 46 53 24005 27 

°o 
755-2 millim. 19-8 C. 


Temp. of Air 


Barom. | 
arom i 67-6 Fahy. 


29-733 inches. 


First Approximation. 


Calculated by Method I, from Observations 3 and the mean of 4, 5, 6, and 7. 


I IL. 
Refraction... 0. ee ee — 2-0 — 2-0 
sea. ear aul eed arene Bis Pas Se eb ae of OT + 0-1 
Semidiameter . 00.00 0000000000 ee | 16-63 — 16-3 
Sum of Corn... 0. 2 ee + 14-4 — 18-2 
ae ‘ 
Lok corr, = 25 36-1 5 Ht Ms, yen ded 
Il. f’ corr, = 24 40-3 
atitudtcNe ors, courte ks and at aks tea ob A 30° 10'-8 


Time: Mean Noon (corr, tor Equation of Time)... 7" 29™ 448 


Second Approscimation. 


Comparison of the single observations. 
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Group I. Group IL. 



















4" 57m 36" 10"22™ 30%) 10°25" 44" 
729" 445] ThQ9™ 44s 
Mean Local Time} Approx.}— 2"36™ 9%|—2'32™ 88 


.|- 6™ 589|— 6™ 588 


4" 53™ 35° 10"11™ 318 
7h29" 445) 7h99m448| TFhO9M4Ay = Fhyagmsgs 


10" 16" 52 | 
2°41" 4744 2647™ gsl-f ah 50 4g91— 950" 48 








Time of Obs. by Chron. 4. 
Mean Noon . . }from 1st 


















— 7m 4s 7m gm gel me 
Hour Angle in Time . .|—2"43" 7{—9h39™ 64 oh34™ 43°14 2" 40m 4s|4 2045" 4254 2h49™ 08 
Hour Angle in Arc = ¢|— 40° 46’-8/— 39° 46’. 5]-+ 38° 40’-S!4+ 40° 1/-0/4 41° 25'-5|-4 42° 15'.0 
— 22° 15’. 5|— 22° 15’. 5]— 22° 13’. 7/— 22° 13. 7]— 22° 13'-7/— 22° 13'.7 






Equation of Time. . 





















3 (Sun’s Declination) . . 



















































sing sn8-......-- — 0-19018\— 0-19018|—- 0.19018 
cos@ cos8 cost... + 0-G0580/+ 0-61489|-- 0-6247014+ 0-61286/4+ 0-60001|-4+ 0.59234 
Sum = sinh. .)  0-41538] 0.42447] 0-43452{0-42268| 0.40983) 0. 40216 

h (True Altitude of the 
Sun’s Centre) .. 2... 25° 45'-3} 25° 0'-2) 24° 11'-7) 28° 42/8 
Refraction ........ 1-9/4 1-9/4 2! O14 20 
Parallax 2.0... 00. of 1J— 01-1 — 0’. 1J— 0-4 
Apparent Calc. Altitude ani oe et —* 
of Centre 24° 34. 25° 25° 47'-1 25° 2'-O} 24° 13'-G) 28° 4-7 
+ Sun’s Semidiameter . 16’. 16'-3}4 16’- 3/4 16’-3)+ 10-3 
Calculated Observation .| 24° 18/2) 24° 52/6] 26° 3'-4f 25° 18'-3] 24° D9"-9f DHE 1-0 
Direct Observation . . . 24° 17’. 25° 5A’. 4) 26° O"-d} 25° 167-3] 24° BQ! 4) 2dP 
‘ale—Obs... 2... 1’. 3-0/4 2.0 ysl aed 
f J | 

Group A. Group B. 


The mean of the deviations (Cale-—Obs.), including all observations is: 


‘ 
in Group «lL = — 0-3, 
in Group B= — 0-5, 


We obtain the following differential equations for reducing the errors to their 


minimum: 
I) 0 = — 9-44 - 9-90 dg — 9-82 dt 
2.00 = — 9-67 — 9-84 do 4 9-70 dt, 


the co-efficients being logarithmical. 
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The solution of these equations gives: 


dg = — 0-6 


dhe 4 088: aT S188 
Therefore. 

Latitude N. = @ = 30° 10-2 

Mean Noon = T = = 7" 29™ 43° 


The following table shows the remaining errors, after the new elements are 


introduced: 
No. of Observ. Cale.—Obs. 
I as ee 
2 “1-5 
3 + 0-3 
4 + 3-5 
5 $ 2-5 
6 — 2-0 
7 — 3-9 
Longitude. 
Mean Noon at Multén, by Chron. 4, deduced from Observations of theSun, , ., , 
1857, January 8 «2.2... ee ee a 7 29 43 
Corr. for rate since December 17, Rate = XIV. = gaining 15*°...... 724 2 
Mean Noon at Raulpindi, December 17, by Chron.4 ......-...... 7 18 21 
Meridional difference in Time... 0. 0 ee 5 4l 
° ‘ “ 
Raulpindi, East of Green, 2... ee 72 59 49 
- Multan, West of Raulpindi .................. 1 25 15 
Multan, East of Green, 2.2... 2.2. .  ee e e  eee 71 34 34 
Thuillier’s App. gives as approximate values: 
° ‘ i“ 
Latitid@Ne. es ease seed at exten Ae ee ea tee @ a! awed Spe Bee 30 10 40 
Longitude FE. Green 20. 0 ee ee 71 30 0 
Meridian. 
Deduced from Altitudes of the Sun 2... 0.2 eee 118° 55’-3. 


No. 26. SarkArpur, mn SInDA. 
Situated in a low and level plain of rich alluvial soil, 21 imiles west of the 
Indus, this station is one of the most important commercial places of Upper Sindh. 


The bankers at Shikarpur, chiefly Hindtis, are famous for the credit and the 
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extent of their htmndis (bills of exchange), which are accepted in every part of India, 


and even in the principal markets of Central Asia. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
27° 5d! 10” 68° 5150" GO feet. 


Observations: 1857, February 5. 


Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 


Latitude and Time. 
1857, February 5. Horizontal Circle. Vertical Circle. 
A.M. 


Sun, Lower Limb. 


I m a ° t “a ° ‘ “ 
1) 456 1 153 54 40 27 38 «5 
2) db O19 : 154 45 10 28 23 7 
3) 5 4+ 4 155 28 30 29° 0 55 
4) 5 8 10 156 15 53 29 46 25 
Dd) a 12 fo 157) 5 23 30 24 25 
° 
759-3 millim. ine . 7-20. 
Baron. Bren inches. Poniph ph Ae re ties 


Calewated by Method 1., from Observations 1 and 5. 


1. 5. 
£ “a a “ 
Refraction 2.0.0.0... ..0. — 1 46 — 13h 
DP nallaxe sog.0. 4 baste Gea see + 0 8 + U0 8 
Semidiameter 2. ......... + 16 15 + 16 15 
Sum of Corr, 2... 0... Tis 14 37, 4 1d 48 
oo 
1. oh corr, == 27 52-2 8a = 15° 161 
Il. A’ corr. = 30 39-2 
Latitude: Ni... cc ek eee a ee 27° 5A. 2D 
Mean Noon (corr for Equation of Time) ...... 7 43" 29". 


yy : . - 2 ‘ a a a 
The comparison of the single observations with the elements thus found gives 


as errors: 


No. of Observ. Cale. - Obs, 
2 22 68 
3 —— 1-1 


4 — 52 
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The mean of Cale—Obs. (including 1 and 5, used for the calculation and giving 


half the weight to 4) 
= — 1-0. 


and is reduced to a minimum, either by diminishing the latitude for 1’-7, or .by 


diminishing the noon for 4* in time; if the ‘error is divided equally between both, 


we get: 
Latitude No... ee ee ee ee 27° 5d’ oA 


Mean Noon (corr. for Equation of Time) . 9 7" 43™ 27> 


Longitude. 


Mean Noon at Shikarpur, by Chron. 4, deduced from Observations of the ie es 


Sun, February 5 2... ee ee ee nes 7 43 29 
Mean Noon at Karrachi, by Chron. 4, February 24 ............. 7 55 38 
Difference of Time uncorrected for Rate ...........-2. 0200 00- 12 9 
Rate for 19 days (Chron. 4 gaining 15°) 22... 2. eee ee eee — 4 45 
Corrected difference of Time 2.2.0.0... 0000 eee eee eee 7 24 
Meridional Difference in Arco... 2... eee ee ee 1 51 0 
Karrachi. East of Green... ee 67 0 51 
Shikarpur, East of Greenw 0. 2 ee 68 51 51, 


We have no data of other direct observations for comparison. 


No. 27. Sivan, tn Sinpu. 
This is at the present day a comparatively small town, though, both from history 
and the still existing evidences of decayed grandeur, as shown by the large masses of 


fallen houses and ruined mosques, it must formerly have been a place of no incon- 
siderable extent and importance. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
26° 25' 0” 67° 56’ 40” 140 feet. 


‘Latitude and longitude are taken irom the Karrachi Collectorate Map, 1851 


(scale of map: 2 miles to the inch.) 
Meridian, 
It was found for the magnetic declination by observations of the sun in the 


morning and evening. 


Instruments: Theadolite 1, Jones; Chron. 4; Barom. 7. Pistor; Observer: Robert. 
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1857, February 13. Horizontal Circle. Vertical Circle. 
h m 8 ° , “ ° ‘ “a 
1) 427 & 178 54 0 23 27 32 
2) 4 30 2) 179 24 10 24 4 42 
°o 
756-1 mitlim. 25-4 C, 
Barom. | : Temp. of ‘Air 
| 29.768 inches, : | 77-7 Fabr. 
°o F 
Sum of Corrections for these 2 Altitudes .. + 0 14-0 
Or EEE a eke new a The & Pe thats — 13 22-8 
hm a 
Apparent Noon deduced from 1 ........ 8 5 28 
i ee DF a tsen dat eet 8 5 31 
Meridian of the Theedolite ........... 238° 55! 9". 


No. 28. KArradcut, my Ssnvu. 
Situated at the western end of the Delta of the Indus, close to the sea, this is 
an important sea port for the Panjab, and for Western India in general. 
The cantonment where my observations were made is about three miles to the 


north of the harbour. 
Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
24° 45! 30” 67° 0’ 51” Little above the level of the sea. 
Observations: 1857, February 24. 


Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 


Latitude and Time. 
1857, February 24. Horizontal Circle. Vertical Circle. 
A.M. 
Sun, Lower Limb. 


LT . ° soc ° tou 
1 4 253 233 27 33 20 43 45 
2) 4 721 934 3 50 21 39 30 
3) 41321 234 57 10 22 58 15 
P.M. 
Sun, Upper Limb. 
h m a °o f “ °o i a 
4) 12 18 14 10 25 25 20 42 «0 
5) 12 24 18 11 16 30 19 26 45 
6) 12 29 13 11 56 40 18 26 0 
7) 1236 9 12 46 45 17 28 0 


23 
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° 
759-0 millim. 26-0 C. 
arom, P . of Air 
BAYOM. 4. 55.889 inchew: TOR OE sacar trai 
Calculated by Method IL. 
Time. 

h in 8 
Apparent Noon, deduced from corresponding Altitudes (1, 2, and 5)... 8 9 2 
Equation of Time 2... 6. ce ee ees ++ 13 24 
Mean Noon 2.1... . 0... ee eee ee of ache Bed Cantatas Badd ge 8 nh taste 7 55 38 

Latitude. 


l 


For calculating the latitude, the mean was used of 1, 2, and 3... . 42 10™ 388 
h = 22° 21’ 37” 


Corrections. 
Refraction .........0.. — 2-5 
Parallax: =... «its a Free. boils + 0-1 
Semidiameter .......... + 16-2 
Sum of Corr... 0... + 13-8 
oO é 
h corr. = 22 35-5 
8 ...=2 — 9 30-4 
Latitude No... ee DAP 45/05, 


For comparison, I add the latitude given on the chart of the coast of Sindh and 
Kach, by Lieut. A. M. Grieve, 1848-50, 24° 50’:5 N. 
The longitude on the same chart, which we also adopt, is 67° 0’ 51” Tast Green. 


Meridian. 
Deduced from corresponding Altitudes of the Sun... . . 301° 32’-0, 
No. 29. Buos, mw MKXcn. . ; 


Bhuj is the capital of the native state of Kach, a country geologically remarkable 
for the frequent occurrence of earthquakes. A hill, crowned with a strong native 
fort, lies close to the town. 

After leaving Karrachi, the level of my theodolite getting out of order, I was obliged 
to replace it by another level, which could not be very accurately connected with the 


vertical circle. Consequently, I could only use my observations for calculating the 
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meridian required for the declination. The value obtained may, however, be consi- 


(ered as sufficiently exact, since I purposely took the altitudes of the sun at very low 


elevations. 
My instruments were put up not far from the British Resident’s house. Latitude and 


longitude are taken from information communicated to me from the Quarter Master 


General’s Office at Bombay. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
23° 17° 69° 40’ 283 feet. 
Observations: 1857, March 16. 


Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 


Meridian. 


Sun, Upper Limb. 


1857, March 16. Horizontal Circle. Vertical Circle. 
at 4" 50" p.m. Local Time. 252° 18'-5 - 18° 26’ 30% 
a "Wt 2 - ’ 
Barom, ne alin Temp. of Air a . 
29-552 inches. 88-7 Vahr 
Corrected Altitude of the Sun’s Centre .......... 18 77 
Sun's Declination 2.2.0.0... 0000. eee ees — 1 38-5 
Meridian: 4.5464. 24 ae A a ee ee Se ee 172 18-7 


No. 30. Ragsxot, in Karrivér. 


It is situated 150 miles west of Barédda, and though the principal station of 
Kattivar, is not by any means a large place. 

I had my instruments put up near the church. 

Here, as in Bhuj, I could only determine the meridian. 

Latitude and longitude are derived from information received at the Quarter Master 


General's Office at Bombay. 
Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
22° 13! 71° 7 325 feet. 
23° 
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Observations: 1857, March 22. 
‘Instruments: Theodolite 1, Jones; Chron 4; Barom. 7, Pistor. Observer: Robert. 


Meridian. 
1857, March 22. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 


at 7" 20” a.m. Local Time. 292° 18’ 26” 16° 13/ 15” 


Sun, Upper Limb. 


at 42 50™ p.m. Local Time. 99° 38’ 20" 17° 58’ Of” 
100° 6’ 33” 16° 54’ 15” 

750-8 milli 3-2 C 

750-8 millim. 33-2 C 

Barom. : Temp. of Air ; 
29-560 inches. eee 91-8 Fahr. 


Meridian. deduced from corresponding Altitudes .... 16° 13'- 


GROUP V. 
CENTRAL AND SOUTHERN INDIA. 
STATIONS 3L ro 43. 


Sager.—Jablpur.— Nagri.— Rajamandri.—Madras.— ombay.—Ptina.— Mahabaléshvar.—Kaladghi,— 


Bellari.— Utakamand.— Utatir.— Galle. 


The Great Trigonometrical Survey having been already extended in detail over 
these countries, we were, consequently, supplied with accurate materials for latitudes 
and longitudes. 

These determinations were the more valuable for us, since the considerable distances 
we had to traverse, and the iniportant variety of objects relating to physical geography 
to be observed, greatly limited our time. 

In general, besides the magnetic intensity and dip, we only determined the true 


meridian for its comparison with the magnetic meridian. 
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In Central and Southern India we made magnetic observations at 13 stations 
(Nox. 31 to 43); also the heights of the different places above the level of the sea 


were calculated from our own observations. 


No. 31. SAcer, in MAtva. 


Latitude North. Longitude East Green. Height. 
23° 50’ 9” 78° 43’ 26” : 1,880 feet. 


A civil and military station, on the Béssi river, in a hilly country. 


Observer: Adolphe. 1855, December 18. 


No. 32, JABupur, In MAnva. 


Latitude North. Longitude East Green. Height. 
23° 9/ 39” 79° 56’ 18” 1,480 feet. 


This station is situated one mile north of the Narbida river, at the base of trap 
hills. The population is, for the most part, composed of Hindus, but is considerably 
mixed with elements of the aboriginal tribes of the Géds and Bhils. 


Observer: Adolphe. 1855, December 23. 


Meridian. 
Deduced from the passage of Achernay ... 0.0 ee 349° 50'-0. 


No. 33. NdAani, in Onissa. 


Latitude North. Longitude East Green. Height. 
20° 25’ 25” 78° 52’ 50” 850 feet. 


A sinall village, 82 miles south-east of Nagpur. 
Observer: Adolphe. 1856, January 11. 


No. 34. RasamAnpri, in Orissa. 
Latitude North. Longitude East Green. Height. 
17° 10! 30" 81° 46/ 35” 35 feet above the level of the sea. 


‘ 


A considerable town, with a mixed population of high caste Hindus and various 
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tribes of Southern India, situated at the upper end of the Godaveri Delta, on the left 
bank of the principal branch of the river. 


Observations: 1856, February 6. 


Instruments: Theodolite 2, Jones; Chron, 1; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1856, February 6. Horizontal Circle. Vertical Circle. _ 
; Sun, Lower Limb. 
ALM. 
h m a ° ’ ° ‘ 
1) 11 14 44 213 45-2 55 48 
2) 11 37 38 223 9-5 56 44 
P.M. 
hm 8 ° f ° ‘ 
3) 12 14 18 239 19-0 56 16 
4) 12 36 30 248 16-0 54 45 
5) 12 45 39 251 49-5 53 51 
n 0-0 C 
759-3 millim. : 30-0 C. 
Barom. i Pa oa Temp. of Air 
29-894 inches. 86-0 Fahr. 


Calculated by Method I., from Observations 1 and 5. 


I 5. 
a é 
Refraction. ........... — 0-6 — 0-7 
Parallax .....-0.0006- + 0-1 + 0-1 
Semidiameter .......... + 16-300 + 16-3 
Sum of Corr... .... + 15-8 15-7 
° t : 
1. h corr. = 56 3-8 es s — — 15° 47'-4 
5. kh’ corr. = 54 6-7 
Latitude Now... ee 17° 10’ 30” 
Time: Mean Noon .......... 11" 33” 14" 


As we have no special data, the longitude, 81° 46’ 35” Kast Green. (corrected for 
Madras), is taken from Wyld’s map, which gives at the same time for Rajamandri a 


latitude of 17° 2’ N. - 
Meridian. 


Deduced from Altitudes of the Sun... 2. - 227° 59-7. 
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No. 35. Mapnas. 


Latitude North. Longitude East Green. Height of the Barom. 
13° 4/ 11” 80° 13’ 56”. 21 feet above the level of the sea. 


The geographical co-ordinates refer to the Madras Observatory. 
The longitude as mentioned above is Taylor’s determination. 
The magnetic observations were made by Adolphe, 1856, March. 
The Government Astronomers, Colonel Jacob, and, in his absence, Major Worcester, 
most kindly supplied us, during our travels, with corresponding materials of observa- 


tions, both magnetical and meteorological. 


No. 36. Bompay. ‘ 


Latitude North. Longitude East Green. - Height of the Barom. 
18° 53! 40” 72° 49 5” 38 feet above the level of the sea. 


The geographical co-ordinates refer to the Bombay Observatory. 

This observatory, which is directed by Lientenant Fergusson, LN., is situated at 
Colaba, at the southern extremity of the island; it is also furnished with an extensive 
set of instruments for magnetic and meteorological observations, which, together with 
astronomical observations, are annually published at Bombay. ' 


We here made a detailed series of comparisons of our magnetic instruments. 


No. 37. Puna. 


Latitude North. Longitude East Green. Height. 
18° 30/ 23” 73° 52’ 9” 1,819 feet. 


Latitude and longitude refer to St. Mary’s Church. 
Wy . . 3 ot . 7 - ‘ 
This is the principal imilitary station of the Dékhan, situated on the western 
Ve : is : 4 5 7 s oT . ‘i 
Ghats, in an open plain, which is intersected by the Muta and Mula rivers.’ 
Magnetic Observations: 1855, January. Observer: Hermann. 
' See “Bombay Magnelical and Meteorological Observations”, published sinee April, 1845. 


* Its vicinity to Bombay and comection with it hy a railway considerably increase its importance. Ils native 
population consists chielly of Mahnralas. 
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No. 38. Manapanésyvar, in tue D&KHAN. 
Latitude North. Longitude Last Green. _ Height. 
17° 55’ 25" 73° 38 49” 4,396 feet. 
Though an important sanitariwm during the dry part of the year, this station 
is scarcely habitable during the rains. 


Magnetic Observations: 1854, December. Observer: Adolphe. 


No. 39. KALApGHI, In THE D&KHAN. 


Latitude North. Longitude East Green. Height. 
16° 12’ 55” 75° 29' 55” 1,720 feet. 


This was formerly a large military station, in the district of Belgium. Having 
been given up, the cantonments are rapidly falling to ruin, like many other military 
stations now deserted in Southern India. 

-Observer: Adolphe. 


Meridian. 
Deduced from the passage of Sirius, 1855, January 19, late in the night 220° 10'.7 


No. 40. BeviAri, 1 Massie. 
Latitude North. Longitude East Green. Height. 
15° 8! 57” 76° 53’ 45" 1,580 teet. 
The principal place of Maissir, with a large cantonment and hill-fort. 
Observer: Adolphe. 
Meridian. 
Deduced from low Altitudes of the Sun «1.2... 2.2.00. 0-045 26° 19’-0 


No. 41. UraxamAnp, my THE Nixornis. 


Latitude North. Longitude Kast Green. Height. 
11° 23’ 40” 76° 43’ 10” 7,278 feet. 


Latitude and Longitude are referred to Major Jacob’s former Observatory; my (Adolphe’s) tent 
was considerably to the north of it. 


For Southern India this is the most important sanitarium, and is situated on one 
of the higher parts of the Nilgiris. 
Observations: 1856, March 14. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 
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Latitude and Tune. 


1856, March 14. Horizontal Circle. Vertical Circle. 
Sun’s Centre. 
P.M. 
h m B ° ra “a ° ‘ “uw 
1) 3 715 125 25 0 75 56 15 
2) 3 10 52 129 5 0 75 44 30 
3) 3 38 40 152 38 40 72 26 20 
° 
586-5 millim. Q 22-2 C. 
Barom. } ” Pea Temp. of Air 


23-091 inches. { 72-0 Fahr. 


Calculated by Method IL. from Observations 1 and 3. 





1. 3. 
‘ Mt f ae 
Refraction... ......... —011 — 013 
Parallax .. 2.0... .000- +0 3 +0 3 
Sum of Corr....... —0 8 — 010 
1 ° ‘ “a 
1. Ah corr. = 75 56 7 
= 8 = — 9° Bf “ 

3. h' corr. = 72 26 10 . Mgt 
Latitide, Nye seis oe aes ee Be ES 11° 29'-1 
Time: Mean Noon (corr. for Equation of Time)... 3" 4™ 25s 

Control. 
° ‘ 
Calculated Apparent Altitude (Obs. 2) 75 43-7 
Observation 2 .........-.... 75 44-5 
Cale—Obs. 2... 2. eee ee — 0-8 
Meridian. o 
Deduced from Observations of the Sun ..... 122° 30'-6. 


No. 42. Uvartr, in roe Karndtix. 


Latitude North. Longitude East Green. Height. 
11° 4’ 40” 78° 51’ 40” 280 feet. 


A small place, 22 miles north of Trichindpalli, but well situated as an inter- 
mediate magnetic station between Madras and the Nilgiris. 
Magnetic Observations: 1856. 
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No. 43. GAuue, 1n Cryién. 


Latitude North. Longitude East Green. Height. 
6° 2’ 30” 80° 10’ 45” Little above the level of the sea. 


This is the most important harbour of Ceylon for the Overland Route to India, 
China, and Australia. ' 
Magnetic observations of Intensity were made 1857, May 2, in the native town, 
north of the fort. 
Meridian. 


From low corresponding Altitudes of the Sun ... 33° 25'-5. 


! Recently, the Peninsular and Oriental Company’s Steamere go by way of Mauritius to Australia. 


B. HIGH ASTA. 


a. HIMALAYA. 
GROUP VI. 
BHUTAN TO NEPAL. 
STATIONS 44 to 49. 


Narigin.—Darjiling. —Rangit Bridge—Ténglo.—Falit.—Kathmandu. 


No. 44. Niknrictn, 1n Bautdn. 


This place is the residency of a Lama Governor, and is the most southern out- 
post on the route from Lhassa, vid Tauong to Assim. The houses of the Lima are 
surrounded by a large village, built quite close to the banks of the river Ri-ju, and 
not, as most Himalayan villages, upon the flanks of a mountain. 

The country does not belong to Bhutan Proper, but is a direct dependency of 
Lhassa. ; 

I experienced great difficulties in getting to Narigin with my instruments. The 
observations were made half a mile south of the village, in a grove of trees which 


allowed of my remaining unobserved. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
26° 53’ 50” 92° 6’ 0” 3,615 feet. 


Observations: 1856, January 10 and 12. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


24 * 
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Latitude and Time. 


1856, January 10. Vertical Circle. 
10" 19™ 33° a. Jupiter. 25° 287 20" 


b. Sun’s Centre. 


1856, January 12. Horizontal Circle. Vertical Circle. 
3h 1™ 288 123° 42' 40” 40° 0! 5” 
671-6 millim. 26-9 C 
Barom. : Temp. of Air : 
26-441 inches. eink oF Aly 80-4 Fahr. 
, Jupiter. Sun. ; 
°o é Z 
Sum of Refraction 4- Parallax — 0 1-8 — 0 0-9 
Declination ............ — 11 29-0 — 21 46-1 
BRAS se ese pee ete aes 22" 19™ 59s Ses 
Time: Mean Noon from Jupiter.............. 3 57™ 288 


Latitude from the Sun (calewlated by one Approximation) 26° 53’ 50” 


Longitude. 

The chronometer could not be keyed January 6, the kiwi remaining behind. 
Time is therefore arbitrary. The above longitude is based on a series of bearings 
connecting a peak close to Narigin with Udelgtri; the result was a difference of 
longitude of 10’, Narigin being east of Udelguri. 


I have no other data for comparison. 


Meridian. 


Deduced from low Altitudes of the Sun... 2... .......04. 138° 10'-0, 


se 
No. 45. Danrgitine, mm Sikkim. 

This important sanitarium for Eastern Bengal is the chief place of British Sikkim 
under the charge of the Superintendent and Political Agent, Dr. Campbell, a gentleman 
well known for the active personal part he took in Dr. Hooker’s travels in Sikkim, 
and to whom I too am greatly indebted for the kind assistance he gave me. 


My instruments were placed on a little hill, called at the station, “Observatory 
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Hill”, where a well-constructed shed for the meteorological observations, in charge 
of the medical officer of the station, then Dr. Withecombe, is erected. 

This point was selected principally because it allowed of the theodolites being 
used very favourably for measuring the gigantic snow peaks to the north. 

The rainy season, and my long absence to the north of the station, preventing 
a regular series of astronomical observations, the latitude and longitude were taken 
from the G. T. 8. 


The magnetic intensity was determined twice, in April and July. Observer: 


Hermann. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
27° 3' 0” 88° 15’ 15” 7,168 feet. 
Meridian. 


Deduced from Observations of Polaris. 


Mean Noon at Calcutta, 1855, March 8, by Chron. 3 6511 


Darjiling, West of Calcutta... ........02.. + 00 20 
Mean Noon at Darjiling.. 0.0.0. ...002.0.0. 65 31 
Rate of Chron. 3 (VI. and VIL) = 0 Bo ans ae 
Latitude N. of Darjiling.. 2... ...0.20.000.. 27 3 10 
Azimuth of Polaris, 1855, July 23, 4" 18" p.m. Green. 

Time (1° 36’ west of the Meridian)....... 310 2 10 
Meridian fos 2 ite hk A hw ieete ft nS 311 38 10 


No. 46. RAneit Brings, iw Sikkim. 

This spot, which owes its considerable depression partially to the erosion of the 
Rangit river, is situated on the road between Darjiling and Tonglo, in a straight line 
five miles north-west of Darjiling. 2 

The latitude and longitude of this place were easily deduced from bearings to, 
the surrounding peaks; astronomical observations, however, could not be made, the 
malarious condition of the air making a longer stay dangerous. 

For the magnetic observations, Rangit Bridge was an interesting station, on 
account of its unusually low elevation, and its situation in the most rainy part of 


Sikkiin. 
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Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
27° 4’ 50” 88° 10’ 15” 3,130 feet. 


No. 47. Téneno, 1 Sikkim. 
The southernmost peak of the Singhalila ridge. 
1 (Hermann) had to cut down some of the trees of a beautiful rhododendron 


grove (so dense it was) in order to clear a view for my trigonometrical observations. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
27° 1’ 50” 88° 3’ 55” 10,080 feet. 


Determined by the G. T. 5., from a private communication by Colonel Waugh. 


Meridian. 


From low corresponding Altitudes of the Sun.............. 111° 11’ 10”, 


No. 48. FAxtr, in Sixxm. 
The summit of this peak was the second point of my observations on the Singhalila 
ridge. Fogs and rain made it very difficult to select the proper moments for good 
observations of the sun; the very early hours of the morning, however, were in 


general perfectly clear. 
Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height.. 
27° 6 20" 87° 59.0” 12,042 feet. 
Observations: 1856, May 22. 


Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude. 
1855, May 22. Vertical Circle. 
3" 20™ 53* Polaris. 25° 42' 5” 
oO 
( 496-6 millim. 10-0 C. 


Barone bo Taps of Air 
arom. } 19.552 inches. sa ai 50-0 Fahr. 
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h m 8 
Mean Noon at Calcutta, 1855, March 8, by Chron. 3 . 6 511 
Falit, West of Calcutta... 2... 2. eee ee eee +0 1 
Mean Noon at Falit.................006- 6 617 


The Rate VII. of the Chronometer, gaining: 0°-5. 


Calculation. J 

Time by Chron. 3...... abot el die dh bapa eid Bat 15 20 53 
Mean Noon by Chron. 3... ......25-25 0000 6 617 
Mean Local Time ..........-.-.220 200200 9 14 36 
Falit East of Green. ....-..-----0-0-02 000% 5 51 56 
Mean Green. Time ...........0 2.002 eee “3 22 40 
Acceleration of the Fixed Stars....... ee eT +0 0 33 
Falat East of Green... 2... eee ee 5 41 56 
Sidereal Time at Mean Green Noon ........... 3 58 12 
“Sidereal Time at Faldt........0...02-000. 13:13 21 
Observed Altitude of Polaris................ 25 42-1 
Reftraction.... 0.666 ae eR ee ee — 1-4 
First Term of the Series .............005. 1 27-1 
Second Term ,, Me, Ch eagle Bae ae eA +0 0-0 
Third Term ,, a a Reta es Oo as wae +0 0-4 
Datitude: Ne. oo Sa av ae Bea Gv ea eee 97 8.2 


We have, however, adopted as latitude, 27° 6’ 20” N., being, as well as the longi- 


tude, the result based upon the Calcutta meridional series. 


Meridian. 

h m 8 
Sidereal Time ............ 13 13 21 
R.A. of Polaris. ........... 1 5 40 
Hour Angle in Time ........ 12 7 41 

o ‘ 
LatitudeN. 2.2... 0. ee eee 27 8-2 
Azimuth of Polaris .......... 0 4 
Bearing to Polaris .......... 214 10-0 
Meridian ..............2.. 214 16-0 


No. 49. KaruamAnpu, m Nepdu. 
The broad valley, in which Kathmandu, the capital of Nepal, lies, is intersected 
by many rivers. Its lacustrine deposits, which originally presented an almost level 


surface, are now much cut up into channels by former water-courses, and the more 
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or less isolated banks, which are called “Tars”, form a predominant feature of the 
valley. 

My instruments stood on the Residency’s “Tar”, south of the central parts of 
the town. Colonel Ramsay, Political Agent to the Governor General, most kindly 


allowed me to erect some huts in his park for a continued series of observations. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
27° 42! 5” 85° 11' 59” 4,350 feet. 


Observations: 1857, March 4. 
Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


\ : 


Latitude and Tine. 


1857, March 11. Horizontal Circle. Vertical Circle. 


Sun, Upper Limb. 


A.M. 

hom os ° on oO fr Ww 
1) 6 55 49 43 12 0 51 58 19 
2) 71 9 45 53 5 52 44 39 
3) 7 647 47 59 55 53 18 6 
4) 7 27 21 56 11 55 54 55 24 
5) 7 33 50 58 55 15 55.17 4 
6) 7 39 10 61 13 55 55 382 9 - 
7) 745 7 63 45 3 55 48 54 
8) 7 52 26 66 58 57 66 0 7 
9) 8 4 43 72 24 5 56 8 54 

P.M. 

hom ss orw#w o nu 
10) 8 & 46 74 11 52 56 8 29 
11) 8 17 27 78 2 25 561 44 
12) 8 32 49 84 41 25 55 31 12 
13) 8 45 12 89 56 25 54 49 39 
14) 9 20 55 103 41 25 51 37 4 
15) 9 27 13 105 53 10 50 52 0 
16) 9,31 51 107 27 (0 50 18 O 

* . . . o ; 
Barom. \ ea Temp. of Air can 


{ 25-634 inches. 68-0 Fahr. 
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First Approximation. 


Calculated by Method UI., from Observations 4, 9, and 11. 





Calculated Apparent Altitude of Sun’s Upper Limb, when culminating 56 8-9 
Reftaction 3... eek ea a Oa aha es ahaa SS — 0-5 
Parallax 23 4203. ab. ea A alae aS Pe eS BO ++ 0-1 
Semidiameter. 2... 2.0.0.0... 04000005 ir gen Bova ROEM Apache Se cee —_— 16-1 
‘alculated True Altitude of Sun’s Centre... ..........0.0.. 55 52-4 
Sun’s Declination ...... ; Fk ad Wares Roa Shea oaks Seek, hy de a eed Se — 6 25.9 
TaatitudecNy: crak eosbe hea Maree ek TUR ae oe eh ON ae 8 Bee g 27 41-7 


Mean Noon (corrected for Equation of Time) .... . 


Second Approximation. 


Comparison of the single observations with the 


approximation. @ has been adopted in round number = 


a ys gas oa, dot 7h 53” 46°. 


elements obtained by the first 
27° 42’. 
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A.M 
: : 2 2 . i 
Time of Observation, by 5 
Chron. 3........ 6"55" 499} 7h 1m ge] 7h Emg7e) Tha7m]1*| 73gm508] 743g9—108| Thg5m 7 
Mean Noon. . ne Ist] 7%53m46"| 7#538™46"| 7553™468) 7>53™462} 7453465] 7h5gm4ge] Th5qmgq 
Mean Local Time} Approx. — 0"57™578 |— 0" 52™378 |— 08 46™ 598 |—O" 26™ 252|— 0419™ 568 — O14 368 —h gmgq 
Equation of Time... -}— = 41™58"1— -11™58"J}— -11™58°/— = 11™58®|— -11™589}— 11588] pms 
Hour Augle in Time 4 oi — gm 558 —h 4™ 358 —Qh5gm 57? —0'38™ 238 5 031548 0"26™ 348 — 020936 
Hour Angle in Arc =f .|__17°26’.8 |_-16° 8'.8 |—14°44’-3 |— 9°35’-8 |—7°58’.5 |—6°38'.5 |_5° 9-0 
8 (Sun's Declination) . .]_ 6°96’.7 |— 6°26'-6 |— 6°26'.5 |— 6°26’-2 |—6°26'.1 |—6°26'-0 |—6?95'.9 
sing sinS 2.2... - Le 0.05218 |—0-05217 |—0-05215 |—0-05211 |—0-05210 |—0-05208 |—0.05207 
cos @ cosd cost... .. +0-83918 |4+0-84510 |4-0-85086 + 0-86752 |+0-87132 |4.0-87394 |4-0-87628 
Sum = sink .-.) 0.78700 | 0-79293 | 0-79871 | 0-81541 | 0.81922 | 0-82186 | 0.92/21 
h (True Altitude of the 
Sun's Centre). .} 51°54/-3 | 529275 | 53° 0'-4 | 549877] 55° 0'-5 | 55°1G'.3 | 55%30'-5| 
Refraction + Parallax . .)4 0'-5 J+ 0'-5 J+ 0-5 I+ 0’-5 |+ 0-5 | O-5i+ Od 
——— — | 
Calcul. Appar. Altitude of 
Sun’s Centre... . . 51°54’-8 | 52°28'-0] 53° 0.9 | 54°38'-2] 55° 11-0] 55°16'-8 | 55°30'.4 
+ Sun’s Semidiameter . .|- 16-1 j- 16-1 J4 16-1 J+ 916-1 [+ 16-1 J+ 167-1 f+ 10d 
: ess (r 
Calculated Observation .| 52°10'.9 | 52°44’-1 | 53°17/-0 | 54°54'-3 55°17. | 55°92/.9| 53°47 
Direct Observation... .} 51°58'-3 | 52°44'-7 | 53°187-1 , 54°55'-4 | 55°17'-1 |_ sera" §5°48'-9 
Calc.—Obs... 2.2... ~ Ol yoy (— Wl 0-0 |+ O-7T\— 











Group A. 





Observation 9, p. 192, was left laid down a.M., as we found it in our original map 


uscripts 
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The mean of the deviations (Calc.—Obs.), including all observations, except No. 1, is: 


7 oS 
in Group A — 0-5 


in Group B 4- 0-7 


We obtain the following differential equations for reducing the errors to their 
nunimium : 
1) 0 = — 9-47 — 9-72 dp + 9-18 at 
2) 0 = + 9-62 — 9.72 de — 9-18 at, 
the co-efficients being logarithmical. 


The solution of these equations gives: > 


i) = + 0-1 

dt = + 2-3; dT = 9.2 
therefore, 
Latitude N. = 9 = 27° 42’-1 
Mean Noon = 7 = 7" 53™ 378, 


Longitude. 
a. By Lunar Altitudes. 
1857, March 4. _— Altitudes of the Moon, Upper Limb. 


hm 8 


° ‘ “a 
1) 11 21 30 41 22 20 
2) 11 30 30 43 13 3 
° 
655-3 millim. ( 20-0 C. 
Barom. T . of Air 
25-8 inches Se Shee 1 68-0 Fahr. 


In the present fase it happens that the change of declination of the moon is 
absolutely 0, so that the accuracy of the longitude thus obtained is somewhat 


lessened. 


Hypothesis A. Hypothesis ZB. 
Longitude adopted: 5" 40". Longitude adopted: 5" 45". 

Altitude I. - Altitude 2. Altitude 1. Altitude 2. 

° , ° Fa o t ° ‘ 
Cale. True Altitude of the Moon’s Centre . 41 45-9 43 36-8 41 48-5 43 39-4 
Parallax io. oe oh PA Sie 8 ae — 43-1] — 42-0 — 43-1 — 42-0 
Moon's Semidiameter........-.... -- 15-8 -- 15-8 -+ 15-8 -- 15-8 
Refraction... 2 ee + 09-9 0-9 +09 + 0-9 
Caleulated Observation 2.2.0 .0000. “411955 43°11-5- “AL 22-1 43 14-1 
Direct Observation ...........0-- 41 22:3 4313-0 41 22-3 43 13-0 
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h om 
Longitude from Altitude 1... ......--, 5 44-6 
43 » Altitude 2........00.- 542-7 
Mean Longitude... 2... oe ee 5h 43-7 = 34°56! in are. 
b. By Chronometer. 
hom 8 
Mean Noon at Agra, 1857, Januuwy 20 .. 8 22 41 
Rate = X. = Losing: 0°-5.......... — 22 
Mean Noon referred to March 4 ..... - 8 22 19 
Mean Noon at Kathmandu ......... 7 53 37 
Meridional Difference in Time... ..... 0 28 42 
. ° a “ 
Agra, Last of Green. . 2... ee ee 78 1 39 
Kathmandu, Kast of Agra... 0.0... 7 10 30 
Kathmandu, East of Green. .. 2.20... 85 12 9 


1 We have no other direct 


We give the preference to the longitude by chronometer. 
observations for comparison. 
Meridian. 


From Altitudes of the Sun, March 4... 72° 46-7. 


GROUP VII. 
KAMAON AND GARHVAL. 
STATIONS 50 to 55. 


Nainital —Milum.—Mana.—Mana_pass.—Ussilla.— Maetiiri. 


No. 50. Natnrrdu, in KAmXon. 


This sanitarium in the outer ranges of the Himdlaya, is situated on one of the 
few fresh-water lakes which are to be found in the Himalaya Proper. 

The lake filling up nearly the whole basin of the valley, many of the houses are 
built on the steep slopes of the mountains. 

Our instruments were put up near the southern end of the lake, about 100 feet 


above the level of the water. 
a 
' In the preceeding sheet (p. £92), Uie longitude is given, less accurately, 85° 11°59". This was the result 


obtained by a different grouping of the observations, which proved to give the resulting errors less favourable. 
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Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height of the lake. 
29° 23’ 34" 79 30 55 6,409 feet. 


(From Captain Vanrenen’s observations, Revenue Survey.) 
Observations: 1855, April 28 and May 5. 
Instruments: Theodolite 2, Jones; Chron. 1; Barom. 2, Pistor. Observer: Adolphe. 


a. 1855, April 28. 


1855, April 28. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 
ih m 8 ° ‘ “uo ° ‘ “ 
6 22 30 82 5 30 74:17 50 
7 5 1 118 45 0 72 22 0 
° 
605-2 millim. 20-10. + 
Barom. Temp. of Air 
en 23-827 inches. wae Se 68-2 Fahr. 


° ‘ 
h corr, = 74 33-4 
h' corr. = 72 21-6 
Latitude N., by Method]. 2.2... 0.0... 29° 23'-3 
Db. 1855, May 5. ee 
Observed Transit of the Sun through the Meridian (Chron. 1, Arbitrary Time) 7 33 38 


8 = 8 = + 13° 59-6 


Observed Altitude, Sun’s Centre = h = 76° 41°O0........2..024. at 7 39 18 
° 
604-3 millim. ff 22-4 C. 
° Barom. ey : Temp. of Air } _ . 
23-792 inches. 72-3 Tahr. 
oO a 
h — 76 41-0 
h cofr. = 76 40-7 
B= + 16 6.6 
Latitude Nw... 2.00.0. 29° 22'-2. 


Weridian. 


From low corresponding Altitudes of the Sun, May 4. ..-..----.- 138° 1’-2. 


No. 51. Minus, 1x JonAr. 
The chief village of the district of Johar, situated on a high alluvial terrace at 
the left side of the Guri river. 


This place corresponds with what is called in the western Alps “Sommerdérfer’; 


1 Neue Untersuchungen iiber die Alpen, von H. & A, Schlagintweit, Vol. IL, p. 482. 
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it is inhabited only in summer by Bhot-Rajputs, active and enterprising people, who 
carry on an extensive trade with the Tibetans, their neighbours to the north. 

We found unexpected difficulties in collecting provisions sufficient. for our large 
establishment during our stay of nearly a month. 

Geographical Co-ordinates. 
Latitude North. Longitude Last Green. Height. 
30° 34' 35” 79° 54’ 49” 11,640 feet. 
Observations: 1855, June 24 and June 26. 
Instruments: Theodolite 4, Pistor, and Theodolite 2, Jones; Chron, 2; Barom. 2, Pistor. Observer: Adolphe. 
Latitude and Time. 
a. dune 24. Theodolite 4, Pistor. 


1855, June 24. Horizontal Cirle. Vertical Circle. 
Sun’s Centre. 


A.M. 
hom a o ’ “" ° ow 
1) 6 12 58 107 52 0 82 5 50 
2) 624 3 130 20 0 82 49 29 
P.M. 
3) 6 33 50 150 1 45 82 42 35 
4) 6 46 18 167 20 30 81 53 25 
° 
505- illim. 23-8 C. 
Barom. eras Temp. of Air 


19-882 inches. 
Calculated by Method III. 


74-8 Fahr. 


We use for the calculation Observations 1, 2, 3. 





Apparent: Noon) «a0 ta b bee Phe De oa al eae ae are ects 6h 27™ 228 
Calculated culminating Altitude of the Sun, corrected for Refraction and Parallax 82 51 9 

Oe Ki later aiyh lols ei la WO SBM ATS eek Ea hd dared tases & ie + 23 26-5 
Elevation of the Equator... 1... eee 59 25-4 
Gatitide Ns 2.5% fake Bn Ate NE ete ec, elie: AE Glee a Wis Bi 30 34-6 
Mean Noon (corrected for Equation of Time) 


LONE foe BS Sone oie) Sie ake N Gh 25™ 978 
Latitude and Time. , 
b. June 26. Theodolite 2, Jones. 


1855, June 26. Horizontal Circle. Vertical Circle. 
Sun's Centre. 


A.M. 
h moos ° , wt e ‘ “ 
1) 6 1 56 306 320 0 80 43 25 


2) 6 11 55 319 16 57 82 34 30 
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P.M. 
3) 7) 5m dis 3a° 17° 30” 78° 57’ 20” 
™ °o 
50-£-9 millim. etal 24-2 C, 
Baron. e . Temp. of Air ‘ 
19-878 inches. 75-6 Fahr. 


Calculated by Method I. 
We use for the calculation Observations 1 and 3. 


° ‘ 
1) Ah corr. = 80 43-4 


§=V= 23° 23'-9 
3) I’ corr. = 78 57-2 + 


Latitude N.. 2... ee ee ae 30° 40'-2 
Mean Noon (corr. for Equation of Time)... 6" 25™ 29°, 
° Control. 
° ‘ 

Calculated Apparent Altitude at 6 11™ 55° 82 36-0 

Observed 2.0. ee ee 82 54-5 

Cale—Obs. 2. ee eee + 1-5 
We prefer, as resulting latitude, the first series, taken with theodolite 4, Pistor, on 

account of its more delicate graduation. 4 
Longitude. 
hom 
Mean of the two determinations of Noon (June 24 and June 26) = June 25 6 25 28 
Rate = V. = Losing: 2°-85, for 95 days .. 6... ee 4 32 
Corrected Mean Noon reduced to March 22... 0.0.0.0. 00-20 00050, 6 30° 0 
Mean Noon at Caleutta, March 22.0.2... 20.00 0002000 eee ee es 5 56 17 
Meridional Diflorence in Time 2.2.0... 2. ee 0 33 43 
o i “a 
Caleutta, East of Greenn. 2 2 $8 20 34 
Milum, West of Calcutta, 2.002 ee 8 25 45 
Milum, Enst of Green... ee 79 4 49 
Meridian. 
True Meridian, from Altitudes of the Sun... . 347° 12'-9. 


No. 52. MAna, in GARHVAL. 


This is the highest village in the Vishnuganga valley, situated two miles to the 


north of the celebrated Hindu temples of Badrinath. 
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Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
30° 47’ 0” 79° 20’ 50” 10,670 feet. 


The longitude we adopt is based on our itinerary distances; the Indian Atlas 

(sheet 66) gives the longitude (corrected for Madras): 79° 28’ 55” Hast Green. 
Observations: 1855, September 1. 

Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1855, September 1. Horizontal Circle. Vertical Circle. 
Sun’s Centre. 

A.M. 

h m 8 8 ‘ “a °o ‘ “ 

1) 6 12 39 4145 5 67 39 37 
P.M. 

hom 8 SFO t “ ° ‘ “" 

2) 6 35 53 56 57 30 67 33 45 

3) 643 4 61 44 45 67 20 0 

° 

523-4 millim. 20-6 C. 

Barom. Temp. of Air - 

’ 20-607 inches. ea 69-1 Fahy. 
Calculated by Method I., from Observations 1 and 3. 
Watitude: Neos acl die 5 eee Ae as 30° 47'-0 
Meridian. 

Deduced from the Altitudes of the Sun ... 48° 19'-5 


No. 53. MaAwa Pass, in GAruvAt. 


This pass, the highest on the commercial route between G&arhval and Gniari 
Khérsum, is situated two days’ journey north of Mana. It is passable for horses. 

The Indian Atlas (sheet 65) gives as longitude: 79° 23’ 25” East Green.: the longi- 
tude we adopt is referred to Mana. 

Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
31° 5¢ 0" 79° 15’ 20" 18,852 feet. 
Observations: 1855, September 5. 


Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 
I. 26 
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Latitude and Time. 


1855, September 5. Horizontal Circle. Vertical Circle. 
Sun’s Centre. 
A.M. 
hom a ° ‘ “ ° f “ 
1) 5 54 40 293 14 52 65 8 12 
2) 6 29 33 - 314 29 45 66 3 0 
. P.M. 
h ma on w oO nr4# 
3) 637 5 319 11 15 65 50 10 
4) 6 59 28 332 30 0 64 22 0 
° 
388-4 millim. i 3-1 C. 
Heron. 15-292 inches. TORR re 37-6 Fahr. 


Calculated by Method I., from Observations 1 and 4. 


Latitude No... ee 31° 5-0 
Mean Noon (corrected for Equation of Time) 6% 22™ 58# 


No. 54. Ussitua, in GArxvAL. 

This is the highest village in the valley of the Tons, and was in former years 
chiefly the abode of predatory tribes from Gnéri Khérsum. 

It is now inhabited by peaceful Bhot-Rajpiits, who are generally poor. Here 
observations of magnetic intensity only were made. We deduce the latitude and 
longitude of this place from its position on the maps of the Indian Atlas (sheet 47), 
altering, however, the longitude for 14 minutes in arc, which will include the difference 
of longitude for Madras and the relative distance in longitude from other places of 
our observations near it. 

Geographical Co-ordinates. 


Latitude North. Longitude Fast Green. Height. 
31° 7’ 40” 78° 18’ 10” 8,940 feet. 


No. 55. MAssdri, in GArHvAL. 


A hill station, and sanitarium of great importance for the north-western provinces. 
Banoég Hill, to which the co-ordinates given below must be reterred, lies close to Masstiri, 


and is one of the principal stations of the Himalayan part of the G.T.8. We therefore 
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limited ourselves to magnetic observations only. The co-ordinates of Bandg Hill' were 


kindly communicated to us by Colonel Waugh. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Greet. Height. 
30° 28’ 30” 77° 59’ 58” 7,549 feet. 
GROUP VIII. 
: - SIMLA TO HAZARA. 


STATIONS 56 To 64. 


Vangtu bridge.—Rampur.—Simla.—Sultanpur.—K 4rdong.—Srinagger.— Daver.—MozAferabad.— Marri. 


No. 56. VAnetu, in THE Province or Sfmua. 


Here the Satlej is crossed by a permanent bridge on the way from Bissér to ‘libet. 
I was detained at this place a few days, on account of a slight accident. A pack- 
horse, bulkily laden with tentage, stumbled and hurt my foot as it was rolling down 
the cud; on the last day of my involuntary rest, however, I was enabled to determine 
the dip. 
Observer: Hermann. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
31° 37’ 0” 77° 54’ 0" 4,210 feet. 


These are referred to itinerary distances from Rampur. 


No. 57. RaAmpur, ww rue Province or Simua. 


A large native place on the left side of the Sa&tlej, where I (Hermann) took the 
opportunity of a few hours’ halt to determine the latitude by means of a sextant and a 


‘ The geographical co-ordinates of Gracemount, where a series of barmnetrical corresponding observations was 
made, at ow request, by Colonel Waugh, are as follows: 
Latitude North. Longilude Eust Green. Height. 
JO° 27! 35" 73° J 0” 6,590 feel. 
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duplex watch by Dent. The longitude is estimated by distance from Simla; Chron, 3 


being with the kilis who were in advance. 


Geographical Co-ordinates. 7 


Latitude North.+ Longitude Last Green. Height. 
31° 31’ 0” 77° 37' 0" 3,215 feet. 
1856, June 2, Approximate Local Time. Vertical Angle of Sun’s Centre, by Sextant. 
h m 8 / 
1) 12 46 OPM. : 80 18 0 
2) 11842 ~~, 76 14 0 
Calculated by Method I. 
OO 5 Rete ati a ene hc oe Dt 4- 22° 13'.4 
Latitude No... ee ee 31° 31’ 0” 


No. 58. Simua, 1 rae Province or Sima. 


This well known sanitarium is situated on the flanks of the outer ranges of the 
Himalaya, 40 miles distant from its southern foot. ; 

Meeting as we did here, all three, after a long separation, we made a general 
comparison of our magnetic instruments! and chronometers; Lord Hay, the Super- 
intendent of the protected Hill States, very kindly gave us every assistance in 


putting up our temporary observatories. 
The observations were made three miles south-west of the native bazar, on a 


ridge, where General Boileau’s observatory had formerly been placed.’ 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 


of “a oF “w" 
Church... 2... - 31 6 13 779 14 
Magnetic Observatory 316 6 77 7 36 7,091 feet. 


The latitude and longitude of the church is determined by the G.'T.%., those of 
the second point by General Boileau: the height was determined by us harometrically. 
Observations: 1856, May 15. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Adolphe. 


1 See the comparison of the chronometers, p. 106, and the comparison, of the magnetic instruments, Section I]. 


2 His observations, already prepared for publication, were unhappily destroyed at Agra during the Indian 


mutiny of 1857. 
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Latitude and Time. 


1856, May 15. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 


A.M, 
h m 8 ° ¥ “ ° ‘ “ 
1) 4 48 13 303 39 40 64 51 10 
2) 4 58 31 306 58 50 66 51 22 
Sun, Upper Limb. z 
P.M. 
h om .8 ° ‘ “ ° ’ “ 
3) 9 20 23 94 4 20 48 55 30 
° 
587-9 millim. : 22-2 ©. 
Barom. oye Temp. of Air 


23-146 inches. 72:0 Fahr. 
Calculated by Method I. from Observations 2 and 3. 


° ‘ ° ‘ 
2) h corr. = 67 7-0 8 = + 18 55-0 
3) h' corr. = 48 40-2 & = + 18 57-6 
i “a e “te 
Refraction... . 2.2.6... -00 es _— 19 _ 37 
Parallax... (sii e) bye a eters I et + 4 + 4 
Sun’s Semidiameter ..........-.. + 15 51 — 15 51 
Sum of Corr. ...... + 15 36 — 16 24 
Latitude N.. 22... ee ee 31° 1'-3 
Mean Noon, deduced from Observation 3... 6h 28™ 52° 
Control. 
° ‘ 
Calculated Apparent Altitude of the Sun’s Lower Limb at 4" 48" 13" .. 64 52-4 
Observed Altitude ....... BoA ect eat edits Sad Ae a RIN ds Vince ana 64 51-2 
Cale. ODS! x on is ete eh aid ee cation Bik Ree eee Ghai OA -- 1-2 
Meridian. 


Deduced from the Altitudes of the Sun... > 10° 5/.5 


No. 59. Suxtrdnpur, in Kou. 

Though the chief place of Kulu, this is a small, unimportant village, situated on 
a high bank to the right of the Bias. 

A fort, with a large house in good condition, formerly the residence of the Rajah 
of Kulu, is close to the village; our instruments were put up in a wooded plain 
which extends along the right side of the Bids, half a mile’s distance from this fort. 
We observed here the dip and declination. . 


Latitude and longitude are from the G. T. S. 
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Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
31° 57’ 50” 77° 5’ 50” 3,830 feet. 
Observations: 1856, June 5. 
Instruments: Theodolite 3, Troughton; Chron. 2. Observer: Adolphe. 
‘ Meridian. 
Deduced from low, corresponding Altitudes of the Sun... . 226° 6’.6. 


No. 60. KArpone, in Lanén. 


KXanéts, a mixed race of Tibetans and Hindus, constitute the chief inhabitants of this 
place, which is the capital of Lahél, but contains only a small number of houses. It 
is situated in a narrow part of the Bhaga (Chinab) valley. Kardong is the northern- 
most missionary station, and at the time we passed through there were three German’ 
missionaries here, Messrs. Jaschke, Heyde, and Pagel, by whom we were received in a 
most friendly manner, and to whom we feel ourselves under deep obligations for 
the great zeal with which, at a later period, they made inquiries about our late 


brother.'! 
. Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
32° 33’ 50” 77° Of 35” 10,233 feet. 


Latitude and longitude are from the G. T. 8. 


Observations: 1856, June 14. 
Instruments: Theodolite 3, Troughton; Chron. 1. Observer: Adolphe. 
: Meridian. 
Deduced from low, corresponding Altitudes of the Sun... . 137° 25’ 8” 


No. 61. Srivdacer, Carita, or Kasumir. 
This city is built in a longitudinal form on both sides of the Jhilum. 
Our series of observations were taken in the garden surrounding the official 
building, which had been placed at the disposal of the Indian Government by the 
late Rajah Gulab Singh. It is situated close to the right bank of the Jhilum, a mile 


1 See pp. 45 and 65. 
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above the Rajah’s own palace, in a very fine garden, called Shékh Bagh. The geo- 
graphical co-ordinates are referred to this building. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
34° 4’ 36" 74° 48’ 30” 5,144 feet. 


Observations: 1856, October 24, 25, and 26. 
Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 6, Adie. Observers: Adolphe and Robert. 


Latitude and Time. 


First Series. 


1856, October 24. Horizontal Circle. Vertical Circle. 


Sun, Lower Limb. 


A.M. 
bh m 8 o , “ ° ’ “ 
1) 518 4 212 59 20 41 13 40 
2) 5 20.38 213 47 20 41 25 10 
3) 5 22 51 214 28 40 41 35 10 

Sun, Upper Limb. 

P.M. 
h m 8 o F “ ° ' ” 
4) 7 44 59 261 5 40 40 43 55 
5) 8 6 37 266 58 0 38 21 5 
6) 8 11 29 268 39 20 37 47 30 

° 
635-4 millim. 19-4 C. 
Barom. Yemp. of Air 
a 25-016 inches. emp." 1 66-9 Fahr. 


Calculated by Method I. 


We use for the calculation the mean of the observations a.m. and p.m. 





/ AADAC, 50 ies as ele Se ie alae ded a detn selsoa taley 5h 20” 31* 

Mean of a.m. : asa ; 
Altitude, corrected for Semidiameter, Refraction, and Parallax 41° 39'.7 
TANG 5c vente we tech Sate Pe ee OUR et BGO Aa 8b 1m Qs 

Mean of p.m. : ‘ea ‘ 
Altitude, corrected for Semidiameter, Refraction, and Parallax 38° 40'.3 

8 = — 11° 50-3 8 = — 11° 52-6 

Latitude No 2... eee adit ea lly FeNSiga teat Gy Suchet atv eae 34° 3’ 0" 


Mean Noon (corrected for Equation of Time)..............00. Gh 40™ 20" 
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Second Series. 


1856, October 25. Horizontal Circle. Vertical Circle. 
, Sun, Lower Limb. 
A.M. 
h m 8 ° ‘ “uw ° ‘ “ 
1) 5 32 18 217 36 20 41 54 35 
2) 5 35 21 218 33 40 42 5 50 
3) 5 37 54 219 24 20 42 14 30 
4) 5 40 33 220 16 10 42 23 0 
Sun, Upper Limb. 
P.M. 
h m 8 o ‘ “ ° ‘ “ 
5) 7 24 33 254 24 40 41 57 50 
6) 7 26 26 255 18 25 41 45 35 
7) 7 31 31 256 53 0 4) 23 15 
o 
636-2 millim. : 19-2 C. 
Beat: 25-048 inches. Temp. ober 66-6 Fahr. 


Calculated by Method IL. 
We use for the determination of time observations 1, 2, and 4; for the latitude, 


the mean of the observations a.m. 


Mean Noon, deduced from interpolated corresponding Altitudes, and corrected for 


the variation of the’Sun’s Declination... ..........0 0000-00004 6" 40™ 47°. 
§ = — 12° 11':3 
Latitude N. 2... ee ee ee 33° 59'-5 
Third Series. 
Polaris. 
1856, October 26. Vertical Circle. 

qb om 13° 34° 39! 30” " , 
Time by Chronometer... 0-6 eee ee eee 13 0 13 
Mean Noon, by Chronometer, deduced from the observations, October 24 and 25 6 40 33 
Mean Local Time... ......-.0 0. ee ee be phe 6 19 40 
Mean Greenwich Time... . 2.2... ee ee 1 19 40 
Acceleration of Fixed Stars... 0... ee ee ee + 12 
Approximate Longitude of Srinagger E. Green. ... 1... .---------. 5 0 0 
Sidereal Time, at Mean Noon at Greenwich .....-.----.+--5.-0-- 14 20 14 
Local Sidereal Time, at Srindgger.. 2.2... ee ee ee 20 40 6 

o f 

Corrected Altitude of Polaris... 00 600 0 ee 34 38-3 
Corrections from the Tables for Polaris... .....-----..--.-0+-4. . 33-7 


Latitude: Ni {2 oe eee bo Ee SERRE ERE oA Re eel ae aes 34 4-6 
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Longitude. 


For the definitive determination of the longitude of Srindgger, we took as the 
basis the results obtained by the G. T. S. for the Lanka Island, in the Great Viiler 
Lake, and for the mountain Takt-i-Sulaiman. 

The longitudes, as given by the G. T. 8, are: 


° we 
Lanka Island.................. 74 36 23! 
Takt-i-Sulaiman .............--- _ 74 49 43. 


‘ 


By combining these places with the building in the Shékh Bagh (where the 

observations were taken) we obtain: 
Longitude East Green. of Srinigger .... 74° 48'-5. 

Cunningham gives in his work on “Ladak”, p. 425, without mentioning the 

elements upon which these values are based: 
Latitude North. Longitude East Green. 
34° 5 28” 74° 58’ 0". 

Another longitude (but, as the result showed, only an approximative one) was 
calculated from the eclipse of the moon, observed at Pashmin,? 1856, October 13 to 14, 
and referred to Srindgger. 


The observations of Tycho gave (see p. 115): 


Longitude Bast Green. ........-.,. 75° 22' 40"; 
observations of the Mare crisium (see p. 116): 
Longitude East Green. ............ 75° 51’ 30”. 
Meridian. 
Calculated from the Observations of the second series, October 25... 236° 10'.5. 


No. 62. DAver, mv Kasunin. 
This small village is situated in the Gurés valley, on the left side of the Kishen- 
ganga, an affluent flowing into the Jhilum, near Moziferabad. 
The Gurés valley and the valley of Kashmir to the south lie parallel to each other. 
The magnetic intensity only was determined at thia place; the co-ordinates are approxi- 
matively computed from itinerary references to Srindgger. 
Observer: Adolphe. 


' Corrected for — 3! 25”, as are all G. T. S. Longitudes. Coinpare also p. 100. 
? Pashmin is situated in Kishtyar, in Latitude N.: 33° 57/, Longitude Enst Green.: 75° 41/. 
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Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
34° 34’ 5” 74° 46' 0” 7,718 feet. 


No. 63. MozXreranip, 1n Kasumin. 
An important frontier town of Kashmir, towards Hazara, situated on the left side 
of the Kishenganga, near its confluence with the Jhilum. 
1 put up my instruments 200 yards to the south of the Mussdlman burial- 


ground, remarkable tor the great number of monuments and graves which it contains. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
34° 22’ 25” 73° 31’ 10” 2,220 feet. 


Observations: 1856, November 10. 


Instruments: Theodolite 2, Jones; Chron. 5, Grant; Barom. 8, Pistor. Observer: Robert. 


Latitude and Time. 


1856, November 10. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
ALM. 
h m 8 ° ‘ “ © £ “u 
1) 1017 21 134 55 35 33 37 47 
2) 10 20 37 135 46 40 34 12 12 
3) 10 26 8 137 19 50 34 27 17 
4) 10 28 52 138 3 20 34 42 47 
P.M. 
h mw 8 o 4 Ww o fow 
5) 1 32 45 191 29 35 33 44 27 
6) 1 36 10 192 23 20 33 24 57 
7) 1 39 14 193 12 15 33° (45 37 
8) 142 7 193 54 45 32 47 57 
° 
705-8 millim. a ' 16-4 
Barom. 97-788 inches. Temp. of Air pak This 


First Approximation. 
Calculated by method IL, from corresponding altitudes deduced from observatiuns 1, 


‘ 5 
2, and 5. Apparent Noon... 2.6.6 2-2 ees 11> 56™ 23° 


Latitude N. from the greatest Altitude, No.4 34° 18’-3 





Second Approximation. 













Time of Observation by Chron. 
Mean Noon j from 1st 


Mean Local Time | Approx. 


Equation of Time 


Hour Angle in Time 


8 (Sun’s Declination) 


cos p cos8 cost 


Sum = sinh.... 





h(True Altit. of theSun’s Centre) 


Refraction 
Parallax : 
+ Sun’s Semidiameter \ 
Calculated Observation 
Direct Observation 





Cale.—Obs.. 2... .0.0000. ‘i 





5b 20™ 378 
7» 12™ 16° 









54 26™ 89 
7 12™ 165 
























5> 28™524 
7) 127 164 








— 15 51™398 
15™ 55° 












— 1539™ O3— 16 35744" 


Hour Angle in Arc =¢.... 


33° 39'-3 


17'-6 





— 1°307 13° 









— 0-16690 |— 0-16690 |— 0-16690 
+ 0-72110 |4+ 0-72860 |+ 0-73215 
0-55420 





0-56170 








34° 10'-4 












33° 56’.9| 34° 28/-0 
34° 12'.9| 34° 27'-3 
15-3) 4 0'-7/+ 
























Group A (excluding No. 2). 








— 1°46™ 83— 15 43™24° 
+ 1575534 157558 
— 15 27™29° 
— 23° 56’-0/— 22° 33’.3|— 21° 52’-3)/— 24° 
— 17° 13’-3)— 17° 13’-3|— 17° 13'.3|— 17° 15'-7 


+ 1% 26™585)-+ 1) 29™51° 


+ 1) 495954 14 45m459 


‘INIA dnouo 





+ 0-71515 |4 0-71063 
0-56525 











‘VUYZVH OL WINS 


34° 25'.2 








34° 42'.8] 
34° 42’-8 
0'-O|4 


Seed) 


6 








ou 
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A comparison of the single observations with the elements found by the first 
approximation shows, that the observation No. 2, which we use for the formation of 
corresponding altitudes, contains a considerable error. But as deviations present them- 
selves, still small enough for the limits adopted, the method of equations of condition 
could be applied. 

The mean of Group A, excluding No. 2 = -+ 0’:3, the mean of Group B = + 6''4. 
The great difference in quantity and the signs being the same, show @ priori, that the 
determination of time as well as of latitude will have to be considerably altered. 

For reducing the errors to a minimum, we obtain as the two equations of 


condition : 
1) 0 = + 9-40 — 9-88 dp + 9-49 dt 


2) 0 = + 0-73 — 9-87 dp — 9-54 dt, 
the co-efficients being logarithmical. 
The solution of these equations gives: 


dg = + eel These differentials are great, because in the first approximation the time 
dt = + T'-9 was based on an altitude interpolated from observations 1 and 2, and the 
dT = — 31.6) latter accidentally happened to be erroneous by 15’-3, 


and for the true elements: 
Latitude N. = q= 34° 2v’-4 
Mean Noon = 125 11” 44°. 


For these results the following errors remain: 


‘ ‘ 
1) — 0-2 6) — 0-6 


3) + 0-4 7) 4+ 0-4 
4) — 0.3 8) -F 0-2 
5) + 0-1 


Cunningham gives in “Ladak”, p. 483: 
Latitude N. ...... 34° 21’ 46". 
Longitude. 
The longitude is referred to itinerary distances from Srindgger. We adopt 


73° 31’ 10” East Green. 
Meridian. 


Calculated from the Altitudes of the Sun... .. 163° 267-6. 


GROUP Vill. SiMLA TO HAZARA. 213 


No. 64. MAnrnri, 1s tHE Province or Mian. 


This is one of the most recently established sanitariums, having been erected 
about nine years ago by the exertions of Mr. Edward Thornton, Commissioner of Raul- 
pindi. It is situated on the top of a ridge, about 32 miles to the north of Raulpindi. 


We made our observations on the southern side of the station. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 


33° 51' 0” 73° 22' 40” 7,260 feet. 


Observations: 1856, November 13. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 10, Pistor. Observers: Hermann and Adolphe. 


Latitude and Time. 


1856, November 13. Horizontal Circle. Vertical Circle. 


Sun, Upper Limb. 


A.M. 
h m 3 ° ‘ “ ° ‘ “ 
1) 642 1 43 30 0 38 7 30 
2) 6 48 25 45 24 55 38 15 10 
3) 6 57 41 48 11 40 38 21 10 
P.M. 
h mn 8 ° ‘ “ ° ‘ we 
4) 10 20 29 100 1:10 20 24 10 
5) 10 27 14 101 16 55 19 19 45 
6) 10 34 51 102 43 15 18 2 30 
7) 10 39 10 103 26 20 17 22 10 
1 1 
593-9 millim. (11-7¢C, 
Barom. }” = Temp. of Air : 


23-382 inches. 53-1 Fahr. 


P14 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


First: Approximation. 
Calculated by Method I. 


For the first approximation we use observations 3 and 7, for which we find the 


following corrections: 





3. 7. 
t ‘ 
Refraction. ..........-. —, 0-9 — 2-4 
Parallax 2... ...0..-0005 + 0-1 + 0-1 
Sun's Semidiameter. ..... - — 16:1] — 16-2 
Sum of Corr. 2... . — 16-9 — 18-5 
on or 
3) h corr. = 38 4-3 8 = — 18 3-2 
7) h'corr. = 17 3-7 8’ = — 18 5-8 
hatitude No ocd einai Eta Ge 33° 51'-4 
Mean Noon (corr. for Kquation of Time)... 7% 19™ 34°. 


Second Approximation. 


The detail is given as example p. 123. 


Resulting Latitude N... 2.2... ee 33° 51’ 0” 
“s Mean Noon ...........- 7" 19™ 308 
Longitude. 


The Longitude is from the G. T. 5. 


Meridian. 
Deduced from Altitudes of the Sun... . 49° 44’-6. 
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b. TIBET. 
GROUP IX. 
GNARI KHORSUM. 
STATIONS 65 to 73. 
Laptél.—Gitingul— Gunshankar—Chako La pass. — Gartok.— Diva. — {bi Gamin glacier. — Piling. — 
; Nélong. 
No. 65. A Lapréy, in Gwint Kudérsun. 

This halting place, at the southern foot of the pass “Balch Dhira”, leading from 
Johar to Gnari Khorsum, is several marches distant from every inhabited place, Halts 
are frequently made here, on account of the good pasturage and shrubs surrounding 
it on all sides. . 

Nominally Laptél still belongs to British Kamion; but the Chinese consider it 
already as their own territory, and treat it as dependent upon their government. 

We found a guard of Chinese soldiers here, whose vigilance, however, we managed 


to elude, though not without considerable difficulty.' 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
30° 46’ 20” 79° 52’ 0” 14,304 feet. 


Observations: 1855, July 14. 


Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1855, July 14. Horizontal Circle. Vertical Circle. 
Sun, Centre. 

bo om 5 ° ’ “ ° f “u 
1) 617 2 270 36 30 80 35 30 
2) 6 21 22 277 14 «OO 2 80 54 15 
3) 6 30 19 290 31 0 80 59 30 
4) 6 37 29 300 24 45 80 41 55 
5) 6 41 42 305 50 15 80 21 0 


' See p. 18. 
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° 
458-7 millim. 21-2 C. 
Barom. ca 
18-060 inches. Aempe ok a 70-2 Fahr. 


Calculated by Method IIL, from Observations 2, 3, and 4. 


Apparent Noon: 2.0 ee eae ee ke eee ee es 7" 27™ 238 
Culminating Altitude of Sun’s Centre, corrected for Refraction and Parallax 81 0 9 
Sun’s Declination... 2 0... ee ee ees + 21 47-2 
Elevation of the Equator .............0...0..00000 bee “59 13-7 
Datitide Ni c.f6. 00.3 ea ite Rade daa ss Reh eee eeu ath aS 30 46-3 
Mean Noon (corrected for Equation of Time) .................. Gh 21™ 578 


We have no data for comparing the latitude with previous observations. 

The longitude is deduced from bearings to peaks west of Milum, which we could 
see from both places, and which we had fortunately succeeded in measuring hefore 
being interrupted by the Chinese. 

These bearings gave Laptél to be 2’ 50” to the west of Milum.' 


No. 66. A Grtneun, In Gyrdat Kudrsvum. 


We selected this place, at the junction of the Gitngul river with the Satlej, as 
a place of concealment for a few days, while awaiting the result of some negociations 
for permission to extend our journey. With these negociations we had charged Bara 
Mani, the cousin of our chief guide, whom we had for that purpose sent to the Chinese 
authorities at Daba. Our camp lay in an uninhabited and rarely frequented spot, 
that presented but few traces of vegetation. 

The small village of Giingul, which we passed nine days later, is half a day’s 
journey higher up the river, on its left bank. 

Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. _ 
31° 14/ 0” 79° 44’ 40” 13,420 feet. 


e 
Observations: 1855, July 21 and 22. 
Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 


1 The longitude could not be determined by the Mean Noon of the chronometer at Milum, as the chronometer 


had stopped between Milum and 4 Japtél. Sev p. 105. 
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Latitude and Time. 
1855, July 21. Horizontal Circle. Vertical Circle. 


Sun's Centre. 


AM. 
hom a ° ‘ ”“ ° , “ 
1) 6 8 48 358 53 0 78 34 45 
2) 6 16 36 a: oD 78 54 52 
3) 6 26 32 20 8 0 79 21 52 
P.M. 
hom os ° ou ° , “ 
4) 6 34 40 30 53 45 79 22 7 
5) 6 42 35 40 34 U 78 59 10 
6) 6 54 42 52 55 0 77 54 35 
“We : 
Hypsoin: 87°-18 G. = 471-5 millim. Tene ot Av 16-4 C. 
18-564 inches. 61-5 Fahr. 


A. Calculated by Method IL, from Observation 1, and a corresponding Altitude, interpolated 
between Observations 5 and 6. 


Apparent Noon .....-......-..000% GY 28" 12°. 


For the latitude, observation 3 was chosen. 
’ 


Refraction: 2.064% 44 cee ee oe a os — 0-1 
Parallaxce rete ve See a ee 4+- 0-1 
Sun’s Declination... ..........05. + 20 36-5 
Latitude N. (A)... 2. ee ee ee 31 14-5 


B. The latitude was also deduced from Observations 3, 4, and 5, by Method II, with regard 


to the variation of the sun’s declination. 


The results are: 


Altitude of the Sun, when culminating. . . 79 23.3 
Refraction: 2.005 606 6h i ce ee — 0-1 
ParaNar vs vig ba Ke ee Ge te ete a 4+ 0-1 
Apparent Noon... 2. ee ee 6" 30™ 43° 
Latitude N. (B). 2... ee eee 31° 13'.5 


The latitudes, calculated by two different methods, and from different. observations, 
agree within 1’; a second approximation, therefore, is unneccessary. ‘The tinal result 
for the latitude is the mean: 31° 14’-0 N. 
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Longitude. 

hom 8 
Mean Noon at Laptél, 1855, June 14... .. 6 21 57 
Rate = V. = losing 2°-85, for 7 days .... 20 
Mean Noon at Laptél, reduced to June 21... 6 21 37 
Mean Noon at Gitngul, July 21........ 6 22 6 
Meridional Difference in Time ......... 0 029 
Laptel, East of Green... 20... 0000020. 79 52 0 
Gitingul, West of Laptel. 2.2... 7°15 
Giangul, East of Green. 2... 79 4445 — 


No. 67. GunsHankihrn, In Gndni Kadnsum. 


This is one of the highest peaks in the range which separates the Indus from the 
Sitle}. ‘Nhe whole country surrounding the base of this range being of great elevation, 
the ascent of the peak offered no peculiar difficulties. 

The slopes are so gentle, that we could ride up with our Tibetan horses to 
more than 19,000 feet, the greatest height reached by us on horseback. From here 
to the summit we went on foot. Wild yaks are very numerous in these regions. 

The sky was perfectly clear, and the air of that beautiful transparency so charac- 
teristic of fine days in Tibet, and scarcely to be surpassed anywhere else. From the 
state of the atmosphere, the surrounding panorama was viewed by us with more than 
usual advantage; to the south, numerous peaks of the Himalaya range were visible 
from Nepal to Spiti and Ladak; to the uorth, across the Indus, we saw the eastern 
part of the chain of the Karakortun, forming with its dark and less elevated peaks a 
striking contrast to the snow-clad Himalaya. The two chains were separated by 
the broad intervening valley of Tibet, in which the lakes Mansaréuer and Rakus, and 


the courses of the Indus and Natlej, could he distinctly seen and surveyed. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
31° 23' 30” B0° Is! 0” 19,980. feet. 


Observations: 1855, July 29. 


Instruments: ‘Theodolite 2. Troughton; Chron, 2; Tlypsoim, 8, Geissler, Observer: Adolphe. 
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. ; Latitude. 
° 1855, July 29. Horizontal Circle. Vertical. Circle. 


Sun, Centre. 


h m ‘ “ ’ “" 


° 
90 37 30 


s o 
1) 6 26 10 77 19 50 
2) 6 32 35 97 26 30 77:18 30 
3) 6 39 7 104 18 45 77° «4 «50 
4) 6 46 6 111 43 45 76 34 35 
g 
81°-18 C. = 372-0 millim. 12-1 
Hypsom. Temp. of Ai 
eae 14-646 inches. ane by 53-8 Vahr. 


Calculated by Method IIL, with regard to the variation of the sun’s declination. 


Apparent Noon ... 2.2... 0000020 eee eee 6" 24m 255 
Calculated Apparent Altitude of Sun's Culmination 7 20-0 
Declination 2... 0. 0 ee ee ih stoic 4 often d + 18 43-5 
Refraction’ <3: %3:4 5 ete tate eo Pkg Ge oe 4 a 0-1 
Parallaxty so se.f 30 fog wre eto Shug shee had HS eek + 0-1 
Latitiide; Nicos ere shh es ee ee 31 23-5 


The longitude is estimated from itinerary distances. Observations so near the 
culmination of the sun do not allow of a sufficient accuracy in the determination of 
time. The great distance we had to traverse before reaching our camp greatly 


limited us as to time. 


No. 68. Cudxo-La Pass, in Gudnt Kudrsum. 
This is the principal pass on the commercial road between the higher valleys of 
Johar and Gartok. It is crossed without any difficulty by pack-horses and laden 
sheep, and is situated on the high ridge, which separates the valleys of the Indus 


and the Satlej. The longitude is deduced from itinerary distances’. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
31° 23° 55” 80° 11’ 0” 17,730 feet. 


‘In this case, and on several occasions during the two following months, when the chronometers 1 and 2 got 
ont. of order, the longitude waa computed from itinerary distances. The respective parts of Captain Strachey’s map 
agree very well with our results in reference to the relative position of the different places; but the absolute 
longitudes found by us are, on an average, 10 minutes more to the weet. 


28* 
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Observations: 1855, July 30. 


Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 


1855, July 30. Vertical Circle. 
* 
Sun, Upper Limb. 

ho om s ae eT 

1) 6 27 6 717 24 15 

2) 6 31 33 77 25 30 

3) 6 32 42 77: «16 =#15 
83°-15 C. = 402-5 millim. 1h ns Get © 
Hypsom. us Temp. of Air : 

15-847 inches, 44-1 Vahr. 
Calculated by Method III. 
hom 8 
Apparent Noon, deduced from Observations 1 and 3 (29 25 
Fe . 4 2 and 3 6 29 25 
° f “ 
Observed Altitude, reduced... 2... ...0.,.00.. 77 8-2 
Reduction to the Meridian. ............... 4- 7-9 
Altitude of the Sun, when culminating... ...... 77 16-1 
Sun’s Declination... .....0.0..0...202200000. + 18 40-0 
Elevation of the Equator ................. 58 36-1 
Daatitude: Ns ie tirctiee ae arg Case Ae elt a Gees “31 23-9 


No. 69. GArtox, In Gnant Kndérsum. 


This place is the seat of the Chinese governor, or Garpon, of Gnari Khérsum, 


and one of the most important commercial entrepéts of Central Tibet. 


near the confluence of the two principal branches of the Indus. 


It is situated 


A large fair is annually held at Gartok, in August, which is attended by the 
merchants of Central Asia, as well as by the Bhot-Rajpits and Bhitias, of the 


Himalaya, and during the trading season there is often an assemblage of several 


thousand people. 


Its great elevation, far above the limit of cereals, renders it uninhabitable in 


winter; and the population at that time oggupy villages a few marches lower down 


the valley of the Indus, 
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' Geographical Co-ordinates. 
Latitude North. Longitude East (Green. Height. 
31° 40! 0” 80° 18’ 25” 15,090 feet. 
° Observations: 1855, July 28. 


Instruments: Sextant, Troughton; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 


: Time and Longitude. 
The latitude adopted = 31° 40’:0 was deduced from itinerary distances., 


Preliminary Elements. 


Sun’s Declination = § = 19° 10’-4 

















Const. sing sind»... ee eee 0-1724 
log'Se6'@. 8608 stewie ede ee en 0-0948 
Refraction... 0. oe ee ee ees —!l 
h m u 
Mean Noon at A Laptél, by Chron. 2, July 14 ...... 6 21 57 
Rate = V. = losing 2°-85, for 14 days }......... 40 
Mean Noon at A Laptél, reduced to July 28 ....... 6 21 17 
° 
85°.49 C. = 441-5 millim. 14-2 ¢. 
Hypsom. Temp. of Air 
yp 17-382 inches. ” 57-6 Fahr. 
Calculation of the Single Observations. 
Time by Chron.2 ........... 2h gam oye gh aqm4ge gh 5gm QI» — gh Bin. gys 
° ’ ° ‘ ° ‘ fo} ‘ 
Obs. Apparent Altitude ........ 38 59-5 39 45-0 41 30-0 4302-5 
Corr. Hour Angle of Sun in Arc. . 55 21-5 54 28-5 52 25 50 36-5 
. . h m h m hom hom 
calc. from each Altitude { i, Time . 3 41-4 3 37-9 3 29-7 3B 224 
Time by Chron.2............. 2 44-3 2 47-7 2 56-3 3 3-4 
App. calc. Noon .........004. 6 25-7 6 .25-6 6 26-0 6 25-8 
Iquation of Time ............ 6-2 6-2 6-2 6-2 
Mean Local Noon ............ "6 19-5 6 19-4 6 19-8 619-6 
Mean Noon at A Laptél, red. to July 28 6 21-3 6 21-3 6 21-3 6 21-3 
Meridional Difference in Time... . . 1-8 1-9 1-5 : 1-7 
” a in Are ..... 0 27-0 0 28-5 O 22-5 0 25-5 
d\ Laptél, East of Green. ... 2... 79 52-0 79 52-0 79 52-0 79 52-0 
Gartok, Fast of Green. ..... 2... 80 19-0 80 20-5 80 14:5 — 8017-5 — 


The mean of the 4 different values, giving half the weight to the 3rd, is: 


Longitude Fast Green. . 2... 05.0... 80° 18'-4. 
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No. 70. A Dfira, mw Gndri Kudreum. 


An uninhabited place in winter, it is nevertheless regularly frequented in summer 


by the Tibetan shepherds, who bring their herds of sheep here, on account of the 


excellent pasturage. . 
A Dira is situated in the broad valley of Mangnang, a few miles above the 


village of the same name. 


e 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
31° 18’ 55” 79° 32' 40” 13,800 feet. 


Observations: 1855, August 7 and 8. 


Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 


Latitude and Time. 


1855, August 7. Horizontal Circle. Vertical Circle. 
Sun, Centre. 

hom & ° ‘ “n Qo ’ “ 
1) 6 20 20 6 710 75 11 45 
2) 6 36 56 22 28 +O 75 11 52 
3) 7 6 20 46 24 15 72 53 37 

° 
86°-83 C. = 465-1 millim. . 92-4 C. 
Hypeomt: 18-311 inches. PORE OE ANE 72-3 Fahr. 


Calculated by Method I., from Observations 1 and 3. 
° ‘ 

1) A corr. = 75 11-7 

3) h'corr. = 72 53-4 


Latitude N... 2.2 ee ee ee BI? 2011 
Mean Noon (corrected for Equation of Time) 6” 22™ 20* 


8 = 8 = 4 16° 37'.9 


Latitude and Time. 


1855, August 8. Horizontal Circle. Vertical Circle. 
Sun, Centre. 
h mis o 4 oO 4s 
1) 6 12 18 359 12 30 74 40 45 
2) 6 30 11 15 2 15 74 56 50 


3) 6 57 26 39 7 #0 73 33 45 
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° 
°.97 C= -7 millim. 23-0 ©. 
86°-97 C 467-7 millim aia of Ae 


Hypem: 18-414 inches. : 73-4 Vahr. 


Calculated by Method L, from Observations 1 and 3. 


° t 
1) h corr. = 74 40-6 
3) h' corr. = 73 33-4 


Latitude: Ni 0g. vase ta gd a, a Ea 31° 17'-8 
Mean Noon (corrected for Equation of Time) 6 21™ 50*. 


8 = 8 = + 16° 21"-1 





Longitude. 
Mean Noon at A Laptél, 1855, July 14....... 6h 21m HT. 
Data. Observations, 1855, Aug. 7. Observations, 1855, Aug. 8, 
h m 8 h m 8 
Mean Noon at A Laptél.. 2... . 6 21 57 6 21 57 
Rate = V. = losing 2°-85...... 1 8 111 
Mean Noon at A Laptél, reduced 
"to the epoch of A Dira.... . 6 20 49 6 20 46 
Mean Noon at A Dira........ 6 22 20 6 21 50 
Meridional Difference in Time . . . 1 31 164 
° é “ 9° f “ 
A Laptél, East of Green... . . 79 52 0 : 79 52 0 
A Dira, West of A Laptél .... . 22 45 16 0 
A Dira, East of Green. ....... 79-29 15- 79 36 0 


A Diva, East of Green.: 79° 32’ 40”, being the mean of the longitude obtained 
by the observations of August 7 and 8. 


' ' 
No. 71. Ist GAmin Guacter, in Gndni Kydérsum. 


One of the largest glacier groups filling out the northern valleys of the massif 
of the Ibi Gamin, 

We first made observations at the lower end of the glacier, the detail of which 
18 given under A. 

During our ascent of the glacier, we saw a star at daylight, which induced us 
to make a second series of observations (B). The distance between A and B was 
half a day's march, or about five miles. The longitude is deduced from our trigono- 


metrical angles. 


224 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Geographical Co-ordinates. 


A. At the lower end of the glacier. 


Latitude North. Longitude East Green. Height. 
30° 56’ 10” 79° 19' 30” 16,910 feet. 


Observations: 1855, A. August 13; B. August 16. 
Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler; Barom. 6, Adie. Observer: Adolphe. 
A. Lower end of the Ibi Gaimin glacier. 


Latitude and Time. 
1855, August 13. Horizontal Circle. Vertical Circle. 


Sun, Lower Limb. 


AM. 
h m 8 ° , “ ° , “ 
1) 6 32 21 64 50 30 73 39 45 i 
2) 6 38 48 70 2 0 73 40 15 i 
P.M. 
h a 8 ° ‘ “ ° ' “ 
3) 6 44 52 75 6 0 73 24 45 
4) 7 717 : 92 16 30 71 32 40 
° 
83°-98 C. = 416-2 millim. 12-0 C. 
Hypsom. : Temp. of Air 
¥pS0m- | 16-386 inches. : 53-6 Fahr. 
Calculated by Method 1., from Observations 1 and 4. 
° t 
ee oo RR, d 
1) h corr. = 73 55 8 = 8 = 4. 14° 52/5 
+) RW’ corr. = 71 48-3 
Teatitude (Ni so 08 288 BA bea ce Fe ae 30° 56'-7 


Mean Noon (corrected for Equation of Time) 6 29™ 58° 
By calculating the latitude with this mean noon we obtain as definitive result: 
Latitude No... ee eee 30° 56’-2; 


the coincidence of the results is at the same time the control of the observations. 


B. Five miles above the lower end of the [bi Gamin glacier. 


During our ascent of the Ibi Gémin glacier, while resting on a small grassy plain 
on the left flanks of the old lateral moraine of the glacier, we saw, in the dark blue 
sky, besides the sun and the moon, the planet Venus, which was distinctly visible to 
the naked eye. 


The appearance of a star in full daylight took all our companions (Bhutias from 
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Johir) greatly by surprise; they, as well as the Tibetans, of whom we frequently 
made inquiries, assured us they had never before seen a star in the day time, 
a circumstance probably to be accounted for from the fact of their not having paid 
particular attention to the phenomena of the sky during the hours of daylight. 

Venus is known to have been seen in Europe under similar circumstances, but 
this is a case of rare occurrence, and when seen, its visibility has been neither so 
perfect nor of so long duration as in the present instance, when the planet. was clearly 
distinguishable for three consecutive days. 

The phase of Venus was the Western Quadrature; its greatest brilliancy did not 
take place till August 25, 2" p.m. Mean Greenwich Time. 

Throughout the whole of our travels, this was the only instance of Venus, or of 
any other star, becoming visible in the day time. 


Height and Azimuth of Venus were: 


1855, August 16. Horizontal Circle. Vertical Circle. 
hom 8 ° oon ° : “ 
7 1 33 205 18 4 44 8 5 
714 2 208 55 50 45:58 55 


We also made observations of the sun, of which the following are the results: 
Point B. of [bi Gémin glacier. 


Latitude and Time. 


1855, August 16. Horizontal Circle. Vertical Circle. 
Sun, Centre. 
AM, 
h om 8 ° ’ “ ° ' “ 
1) 6 35 21 256 34 15 72 55 7 
P.M. 
hom 2 oO ’ “ a ‘ “ua 
2) 6 39 38 260 1 0 72 37 45 
3) 6 43 22 262 58 30 72 27 57 
4) 720 3 283 9 30 68 59 45 
u 3-3 C 
406-2 millim. : 13-3 C. 
Barom. ae lee ‘Temp. of Air 


15-993 inches. 55-9 Tabr. 


Calculated by Method I, from Observations 1 and 4. 


oO a 
1) # corr, = 72 55-0 


eet Sig? sb 
4) Rh! corr, = 68 59-6 F ye 
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Latitude N., of point Bo... 30° 53'-1 
Mean Noon (corrected for Equation of Time) ... 6" 40™ 28* 


No. 72. Ptuinc, 1 Gndai Kudnrsum. 


A small village, on the commercial road from Garhval to Gnavi Khorsum, situated 
on the right side of an affluent of the Satlej. 


The longitude is only an approximate one, deduced from itinerary distances. 


Geographical Co-ordinates. 
latitude North. ’ Longitude East Green. Height. 
31° 15! 30” . 79° 15/ 40” 14,207 feet. 


Observations: 1855, September 16 and 22. 


Justruments: Theodolite 2. Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 
A, 1855, September 16. 
1855, September 16. Horizontal Cirele. Vertical Cirele. 


Sun, Centre. 


A.M. 

hom 8 ° ow 3 ° oo 

1) 11 43 14 26 11 45 61 27 15 
P.M. 

hom 8 oO of w ° by SA 

2) 1 18 55 71 2 30 55 30 22 

3) 1 25 50 73.17 0 54 29 15 

4) 1 29 33 74 40 0 54.5 O 

° 
461-5 millim. a : 17-8 C. 
Barom. Temp. of Air 


18-170 inches. 64-0 Fahr. 


Calculated by Method I, from Observations 1 = L, and the mean of Observations 2, 3, and 4 = IL 


°o ‘ a 
I. A corr. = 61 26-7 & = + 2 51-2 
IL. h' corr. = 54 40-8 = + 2 49-9 
Latitude No... ee 31° 15/4 


Mean Noon (corrected for Fquation of Time)... 128 0™ 50° 
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B. 1855, September 22. 


1855, September 22. Vertical Circle. 
Sun, Centre. 


h m 3 ° t “wo 
1) 1155 2 59 9 (0 
2) 12 0 49 59 15 45 
3) 12 3 9 59:16 7 
° 
Barom. nee ma Temp. of Air ae C 
18-229 inches. { 64-6 Fahr. 
Calculated by Method III. 
Apparent Noon, calculated from Observations 1 and 3 ....... 2 2 40 
i ss Qand3 ....... 12 2 40 
a 
Calcul. Culminat. Altitude, corr. for Refraction and Parallax... . 59 15 8 
Sun’s Declination 2... 0 ee ee +0 31-4 
Elevation of the Mquator 2.2... 6... ee “58 44-4 
Latitude N., from September 22 ..........2. 0-00.00 005 31 15-6 
Latitude N., from September 16 2.2.2.2... eee eee 31 15-4 
Latitude N. (Mean)... es 31 15-5 


No. 73. Nutone Pass, In Gndni Kudrsum. 

This pass, also known under the name of Sangkidk, is situated at the western 
extremity of Girhval. It is one of those high passes in the range which separates 
Gnari Khérsum from Girhva]l. “[he instruments were put up on the top of the pass. 
The longitude is deduced from itinerary distances. 

Geographical Co-ordinates. 
Latitude North. Longitude Kast Green. Height. 


31° 7’ 30” 79° O' 40" 18,475 feet. 


Observations: 1855, September 19. 


Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1855, September 19. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 
ho om ee ° aout ° ‘ “n 
1) 12 5 4 117 21 «15 60 18 5 
2) 12 12 24 120 21 37 60 13 45 
3) 12 23 33 126 6 52 59 58 7 
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. . o 
392-2 millim. 6-3 C. 


Barom. Temp. of Air 
15-441 inches. bok ae 43-3 Fahr. 


Calculated by Method III. 


hom 4 


Calculated Apparent Noon, deduced from Observations 1 and 3°... 12 1 53 


” ” ” : ” 2and3 .. 12 1 54 
Calculated Culminating Altitude of the Sun’s Centre, corrected for 


oO 
Refraction, Parallax, and Semidiameter ............ 60 34-2 
Sun’s Declination . 2... 2... 000.000.0000. eee eee -- 1 41-7 
Elevation of the Equator... 2... ........0...000 00008 58 52-5 
Latitude Nex ‘sg es bitin oS bee OS RM Ab lhce es MRSS 31° 7-5 
———t 
GROUP X. 
f 
_LADAK. 


STATIONS 74 to 83. 


Mad.—Tsomorivi.—Tsomognalari—tlacha Lung pass.—Leh.-—Padum.—Dah.—Sasser pass.— 
Kéveil.—Dras. 


No. 74. Mop, i Spfri. 


This was the first inhabited place still remarkably elevated, which I (Hermann) 


reached after two days’ march to the north of the Tri pass. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
31° 55’ 35” 78° 1/ 20” 12,421 feet. 
Observations: 1856, June 13. 


lustruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner, Observer: Tlermann. . 


Latitude and Tome. 


1856, June 13. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 
A.M. 
5» 58” 18 2° 27’ 9" 79° 8! 30" 
P.M. 


7" 50™ 22° 110° 48/ 32” Gae 4" 50" 
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° 
, 482-8 millim. 15-0 C, 
Barom. Temp. of Air : 
a 19-008 inches. en 59-0 Fahr. 
Calculated by Method I. 
é ue é a 
Refraction ............ — 07 — 016 
Parallax .....-.-2.00.0. + 0 4 + 0 4 
Sun’s Semidiameter ....... + 15 51 + 15 51 
Sum of Corr... .... +1548 + 15 39. 


°Q ‘ 
h corr. = 79 31-6 ; y seats 
h' corr. = 67 41-7 =e Shee 
Latitude Ni ak ha eS ee Ae eG 31° 55'-6 
Mean Noon (corrected for Equation of Time) . 6" 25™ 15> 


Longitude. 
h m x 
Mean Noon at Simla, by Chron. 3, 1856, May 15 ............ 6 28 21 
Rate = XIII. = gaining 1°01 ...............0.000.. +O 0 29 
Mean Noon at Simla, reduced to 1856, June 13 .........2... “6 28 50 
Mean Noon at Mid, 1856, June 13..........2.......0.. 6 25 15 
Meridional Difference in Time ...........-...02 0000008 0 3 35 
ce) a “ 
Simla, Fast of Green. 2.2... ee ee 77) 67 36 
Mad; Enst:of Simla. icc. oe ek eae Dea ee Oe 0 53 45 
Mad, East of Green. . 2... te ee 78 1 21 
Meridian. 
Deduced from low, corresponding Altitudes of the Sun... . 58° 35'-9. 


No. 75. ‘Tsomorint Savr Laks, 1 Spfrr. 


The observations of latitude, longitude, and declination were made on the right 
shore, near the southern end of the lake, in an uninhabited spot occasionally visited 
for pasturage. Its name is Nama Bingbo, the long meadow. 

The observations of magnetic intensity were made eight miles to the north, at 


Korzok, the name of a fortified house, inhabited only in summer by shepherds. 
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Latitude North. 
32° 45’ 


25” 


Geographical Co-ordinates. 


Longitude East Green. Height. 
78° 16’ 36” 15,130 feet. 


Observations: 1856, June 21. 


Instruments: Theodolite 2, Jones; Chron. 3;.Barom. 1, Greiner. Observer: Hermann. 
Latitude and Time. 
1856, June 21. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
AM, 
h m 8 ° ‘ “ ° t " 
1) 5 58 20 106 12 40 79 6 25 
2) G6 2 50 111 54 40 79 37 25 
3) 613 3 124 20 0 80 27 47 
P.M. 
hom «6 ° t “wn ° to 
4) 6 55 54 177 53 («0 78 53 45 
5) 7 058 183 23 0 78 3 8 
442.0 milli "5 
\ -0 millim. 17-5 C. 
Barom. Temp. of Air 
17-402 inches. ee Oe 63-5 Fahr. 
Calculated by Method III. 
h moa 
Apparent Noon, calculated from Observations I] and 3... 6 29 9 
. =. 7 2Qand3... 6299 


‘ “ 


Calculated Culminating Altitude of the Sun’s Upper Limb 80 58 19 


True Culminating Altitude 
Sun's Declination 
Elevation of the Equator 





Correction of Sun's Semidiameter, Refraction, and Parallax — 15 49 
chbneuso, Bh ictuintel ce a2 he “80 42 30° 

Bees See Sas chase oa he eben Manca ss nasa oe -} 23 27 34 

2 ha Sy eae va Bes ott ug wheoas a tees 57 14 56 

PR td « BC, pijdes ee ae a eae gala A 


Latitude N 


Longitude. 


The apparent noon = 6, 29" 9° ix only to be considered as an element of cal- 


culation, not as a result. 


For deducing the longitude, we calculated the time from lower altitudes. 
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h mh “ 
Mean Noon at Simla, by Chron. 3, 1856, May 15. . . 6 28 21 
Rate = XI. = gaining 1°-01, for 37 days... ... “fF 37 
Mean Noon at Simla, reduced to 1856, June 21.... 6 28 58 
. Mean Noon at lower end of Tsomoriri..........- 6 24 22 
Meridional Difference in Time. .............-.% , 4 36 
. oor un 
Simla, Fast of Green... 2... ee 77 7 36 
Lower end of Tsomoriri, East of Simla.........- 19 0 
Lower end of Tsomoriri, Mast of Green, ........ “78 16 36 
Meridian. 


During the adjustment of the declinometer in the afternoon, the theodolite got 
out of order, and had to be put up again. “The meridian was found by the transit 


of Antares (a Scorpii) . 6. ee 112° 11-4. 


No. 76. Tsomoenanari, tHe Grear Sart Lake, wo tHe Districr or PancKone. 


This great salt lake is divided into two parts, communicating with each other by 
a comparatively narrow channel. . 

The part of the lake east of the junction is fresh water, or nearly so, and shallow; 
the western part, somewhat deeper, is very brackish. 

My instruments (Hermann) were put up near Takung, a location for shepherds on 
the left shore. The total length of the lake exceeds 40 miles, and its general direction 
is east to west as far as Takung, from whence to the lower end it takes a north- 


westerly turn. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
33° 39’ 50” 78° 38' 30" 14,010 feet. 
We have no exact data for comparison. 
The longitude was estimated from distances referred to T'somoriri, the high 


altitudes observed not giving sufficient accuracy for the determination of time. 


Observations: 1856, July 2. 


Instruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner. Observer: Herman. 
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Latitude and Time. 


1856, July 2. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 


A.M. . 
ech n 8 ° ‘ “ ° ‘ “un 
1) 5 56 51 28 28 40 77 43 25 
2) 6 621 37 35 50 78 42 55 

P.M. 
h n 3 ° ’ “ ° t " 
3) 6 51 58 89 51 20 78 30 30 
4) 656 3 94 0 5 78 7 «O 
5) 6 59 52 97 26 50 77 39 55 
1 ° 
’ ( 456-8 millim. . 18-1 C, 
Barom. : Temp. of Air 
17-984 inches. 64-6 Fahr. 


Calculated by Method II. from corresponding Altitudes. 


“h m8 
Apparent Noon, deduced from 1, 2, and 3, including the variation of the Sun’s Declination 6 28 10 


Equation: of ‘Time. oc ste egy 8 ee ae ate A ae eee en Die SEO Hedy ek 3 30 
Mean Noon (corrected for Equation of Time)... 2... 0.0.0.0 0 0 ee eee eee 6 24 40 


For the determination of the latitude, the mean was taken from observations 3, 
4, and 5. 


At 6" 55™ 58° 78° 5' 48” Vertical Circle. 
ho om 8 
Time by Chronometer 3 .......-.-.....00005 . 6 55 58 
Apparent Noon... 02026 be ee ka ee bk 6 28 10, 
Apparent Local Time ... 2... 2.2... ee eee eee 0 27 47 
° F 
Altitude of the Sun. 2... 22 eee 78 5-8 
Sum of Corr, 2... es — 16-0 
True Altitude of the Swi... 2.2... eee 77 49-8 
Latitude’ Ny. ee. pss oe ie in ee A Be We ae 33 39-8 
Meridian. 
Deduced from low, corresponding Altitudes of the Sun. ...-... 62° 46'-5 


No. 77. Ldcua Luna Pass, oy Speftr. 


This is one of the higher passes, on the road from Lahdél to Ladak. It is 


situated several days’ march distant from inhabited places. 
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Geographical Co-ordinates. 


Latitude North. 
33° 3/ 50” 


Longitude East Green. 
77° 35’ 35” 
Observations: 1856, June 23. 


Instruments: Theodolite 1, Jones; Chron. 2; Barom. 5, Adie. 


Latitude and Time. 


1856, June 23. Horizontal Circle. 


Sun, Lower Limb. 


Height. 
16,750 feet. 


Observer: Robert. 


Vertical Circle. 


A.M. 
h m 8 ° ‘ “ ° ‘ “uw 
1) 2 42 20 21 46 45 31 55 43 
2) 2 57 18 23 18 20 35 
3) 3 6 21 24 18 45 36 56 25 
4) 3 13 27 25 12 50 38 22 55 
5) 3 21 13 2612 0 40 1 50 
6) 3 28 28 27 2 43 41 35 43 
7) 3 34 55 27 54 55 42 53 50 
8) 3 41 26 28 2 40 44 14 35 
° 
413-6 millim. . (12-26. 
pee 16-284 inches. Pentb Oe ale 54-0 Fahr. 


Calculated by Method I., from Observations 1 and 8. 


1. 8. 
‘ “wr é “a 
Thefraction: 2: ict Goce ag oe oh Aes —_- 52 — 32 
Parallax: : jécieose joe os 4d oobi eee + 7 + 7 
Sun’s Semidiameter ............ + 15 46 + 15 46 
Sum of Corr, 2... 2 ee 4-15 1 + 15 21 
o 8 o + : 
1) h corr. = 32 10-7 & = 4+ 23 26-9 
8) fh’ corr. = 44 29-9 8 = + 23 26-9 
Tratitude: (Nii idee ke ede oe aS ec le ess 33° 3’-8 
Mean Noon (corrected for Equation of Time) ....... 7h 3m 39% 
Calculated Apparent Altitude at 3" 6™ 21%. ....... 36 57-1 
Observed Altitude ..............0200000- 36 56-4 
Cale Obs: § Steno ba ohn Soro w os eae: + 0 0-7 


30 


233 


234 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


No. 78. Les, w Lapax. 


This important town, the capital of Ladadk, is the principal place in Western Tibet, 
It is situated on the right side of the Indus, three miles distant from the river, 
Au extensive trade between India and Central Asia is carried on through Western 
Tibet, of which Leh is the great entrepét. During our stay we occupied a native house 
with an extensive walled compound, at the lower end of the town. We also erected 
an observatory, which we left, during our travels in Turkistan, in charge of our native 


doctor Harkishen and his assistant Nain Singh.' 


Geographical Co-ordinates. 


Latitude North. Longitude Fast Green. Height. 
34° 8’ 21” 77° 14! 36” 11,527 feet. 


Observations and Instruments, 1856. .4. Latitude from Polaris, July 10 (Theodolite 4, Pistor), and 
September 16 (Theodolite 1, Jones). B. Latitude from Altitudes of the Sun, September 17 (Theodolite 2, 
Jones). Chron. 3; Barom. 1, Greiner, and 8, Pistor. Observers: Hermann and Robert. 


For the latitude, we give the preference to observations of Polaris. With respect 
to the chronometric longitude, we may mention here how well chronometer 3 kept 
its rate during our journeys in Western Tibet. 

We have the following data for comparison: Colonel Waugh’s map of the Panjab 
(1854) agrees very well for the latitude, but it makes the longitude more than 
20’ farther to the east; Moorcroft had found, by observations with the sextant, 
latitude N.? 34° 9’ 21”; Cunningham gives® latitude N. 34° 9’ 7”, longitude I. Gr. 
77° 59° 3”. 

A. Latitude by Polaris. 


First Observation. 


1856, July 10. Altitude of Polaris. 
5h 43™ 278 33° 54’ 58” 


' See p. 26. The details of the corresponding Maguetice Observations are contained in part IW. of this volume. 


2 Asiatic Journal, 1825, Vol. X., p. 687. 
3 GPadak", London, 1854, p. 422. The data, however, on which he Iases the latitudes and longitudes can- 


tnined in his hook, are wanting. 


GROUP x. LADAK. 
hom 8 
Time by Chronometer... 2.000.020.0000... 00 2002000. 17 43 27 
Mean-Noon «..4.202 22h ve ed sae hod we ee aoe ae Se SO 6 29 241 
Mean Local Time ........... 2000000 eee eee 1114 3 
Approximate Longitude... 2.2. ..0.0000..0 000000004 510 0 
Mean Time at Green... ........0 000000 cee eee : “6 4 3 
Sidereal Time at Mean Noon Green.............-000% 7 18 19 
Acceleration of Fixed Stars ..........0.0 0.00000 0s + 1 
Approximate Longitude... ......0.0...0.0...0. 2005. 5 10 
Sidereal Time at Leh... 2.2. 2 ee ee ee 18 33 22 
Observed Altitude of Polaris, corrected for Refraction....... 33. 54 1 
First Term from the Tables for Polaris .............. 4- 11-6 
Second ‘Term es ge ca alee ES ae bh 8 -- 0-7 
Third Term Pe 2 ph Neh edt SSeS Sede + 1-1 
Latitude Ne i oseirs Acne ee yok ees Se Bek od WR Pe ee 34 7-5 
499-9 milli (14-9 C 
+9 millim. oe . 9 C. 
a 19-681 inches. emp, 0b Ais 58-8, Fahr. 
Second Observation. 
1856, September 16. Altitude of Polaris. 
4” 26™ 50" 35° 2" 14” 
bh m 8 
Time by Chronometer 2... 20.0.0... 0.000000 eee 16 26 50 
Mean Noon, from observed Altitudes of the Sun.......... 6 29 27 
Mean Local Time... 2... 2... 0. 2 ee ee 9 57 23 
Approximate Longitude... 1.2... 0.0.0.0. 0002p 510 0 
Mean Time at Green... .. 0.2.2.0... 0. eee eee eee 447 23 
Acceleration of Fixed Stars... . 0.2.20... 00000 eee eae ao 48 
Approximate Longitude... ......0........0..00000. + 510 0 
Sidereal Time at Mean Noon Green...........-....-.- 1] 42 28 
Sidereal Time at Leh... 2... 20.00.00. 0.200002 eee 21 40 39, 
Observed Altitude of Polaris, corrected for Refraction ...... 35 2 7 
, First Term from the Tables for Polaris .............. — 54-7 
Second Term ie Sy eo hh ed WE ee ers ts + 0-5 
Third Term “4 $3 Re. AN Sie Ves a eg Van ge + 0-7 
Wiabitinde Nee. cers oitten eh ae ssae de sec Wt ea gates en nee ee 34. 9-2 
Mean of Latitudes, deduced from the 2 Observations of Polaris 34° 8 21”. 


This is the latitude we adopt as the most correct. 


1 Mean Noon, deduced from Altitudes of the Sun, July 11 (see p. 100). 
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B. Latitude by Observations of the Sun. 


1856, September 17. Horizontal Circle. Vertical Circle. 


Sun, Upper Limb. 


* ALM. 
h om 8 ° sou ° ou 
1) 1 42 37 212 56 0 17 49 42 
2) 1 58 11 215 20 50 20 59 54 
3) 210 43 217 21 27 23 30 49 
4) 2 20 48 219 O 37 25 31 9 
5) 2 31 21 220 50 43 27 33 54 
6) 2 41 46 222 37 30 29 36 44 
7) 2 46 33 223 27 50 30 33 59 
8) 2 50 5) 224 18 20 31 23 54 
9) 2 55 36 225 12 20 3219 9 
10) 259 7 225 50 10 32 59 4 
P.M. 
h m 8 ° ‘ “ ° i “ 
11) 10 41 21 190 33 20 22 31 14 
12) 10 46 18 191 18 50 21 30 54 
13) 10 50 52 192 2 43 20 35 39 
14) 10 54 38 192 38 50 19 50 34 
15) 10 58 39 . 193 20 10 19 O 54 
16) 11 6 1 194 28 3 17 36 22 
17) ll 9 39 195 010 16 45 34 
502-0 millim. “a ae 24-0 C. 
Barom. 19-764 inches. Temp. of Air 75-2 Fabr. 


First Approximation. 


Calculated by Method 1, from the means of observations 6 to 10 = 1, and of 


observations 11 to 17 = IL 

Time. Vertical Circle. 

hom 8 ° oot 

1, = Mean a.m. at 2 50 46 3] 22 34 

Il. = Mean p.m. at 10 55 21 19 41 36 

1 Il. 

ou ton 

Refraction ........ — 1 2 — 1 46 

Parallax .......-.- + 0 7 + 08 

Semidiameter ...... — 15 58 — 15 58 


Sum of Corr... — 1653 — 17 36 
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°o a “e ° é “a 
I. hk corr. = 31 5 41 6 = + 213 55 
Il. f’ corr. = 19 24 0 eve=+2 6 6 


Latitude. Ny usd op ke Sad phe en tbe 34° 54 33" 
Mean Noon (corrected for Equation of Time)... 6" 20" 315, 


Second Approximation. 


Comparison of the single observations with the elements obtained by the first 


approximation. 
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q 
A.M. P.M. 
z. 2 : Faber : 
. 9. : 3. a e | ; . 9. 10. LL. 12. 13. 14, 
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In the present case, the importance of the object required particular care in the 
deduction of the final results; therefore, the differential equations for each single 
observation were formed by the method explained, instead of simply taking the means 
of “Cale.—Obs.” for the groups a.m. and p.m. The observations in genera] agree very 
well with each other, with the exception of No. 16, which has consequently been excluded. 

We obtain the following sixteen differential equations, which are to be treated 
hy the method of least squares:' 


1) 0 = — 0-491 — 9-216 dg + 9-912 dt 
2) 0 = — 0-531 — 9-313 dp + 9-909 dt 
3) 0 = — 0-477 — 9-379 dm + 9-905 dt 
4) 0 = — 0-380 — 9-425 d@ -|- 9-902 dt 
5) 0 = + 9-778 — 9-473 dp + 9-898 dt 
6) 0 = + 9-778 — 9-505 dg + 9-893 dt 
7) 0 = — 9-845 — 9-533 dm + 9-891 dt 
8) 0 = — 9-903 — 9-551 do + 9-890 dt 
9) 0 = — 0-041 — 9-568 dg -+- 9-888 dt 
10) 0 = — 9.778 — 9-579 dg + 9-881 dt 
11) 0 = + 9-000 — 9-358 dp — 9-907 dt 
12) 0 = + 9-778 — 9-332 de — 9-908 dt 
13) 0 = + 9-301 — 9-306 de — 9-909 dt 
14) 0 = — 9-845 — 9-285 dp — 9-910 dt 
15) 0 = + 9-000 — 9-260 dp — 9-911 dt 
17) 0 = + 9-903 — 9-186 dp — 9-913 dt 


The final equations, which we obtain from these sixteen, are: 


A, 0 = + 0-498 + 0-059 dp — 0-132 dt 
B. 0 = — 1-081 — 0-132 dp + 1-008 dt 

In all these equations the co-efficients are logarithmical, and the equations cal- 
culated so. that the last decimal is exact. The solution of these equations, after 


reducing the sum of the squares of errors to a minimum, gives as values : 


dg = — 1-6 
dt = 4+ 1'-0; dT = — 4°-0; 
theretore, 
Latitude N. = 9... ee ee ee 34° 3'-9 
Mean Noon = 7'.......--20+008- 6 29™ 273. 


| The valucs “Cale.—Obs.” are not multiplied with ens h, but the co-elficients of dg and df have heen divided 


by cos ht. 
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The probable error of » is five times greater than the probable error of 7) which 
does not exceed one minute of arc, and, therefore, gives the time with a correctness 


most valuable for the chronometrical longitude. 


Longitude. 
hom 8 
Mean Noon at Simla, by Chron. 3, 1856, May 15 . ec 6 28 21 h 
Rate = XIII. = gaining 1*-01, for 94 days.............. 1 34 
Mean Noon at Simla, reduced to 1856, September 17......... 6 29 55 
Mean Noon at Leh, 1856, September 17................. 6 29 27 
Meridional Difference in Time... ...........2 0000000 0 0 28 
° ‘ “a 
Simla, East of Green... 2... ee 77 7 36 
Leh, East of Simla... 20... 000. ee 07 0 
Leh, Fast of Green... 2. 77 14 36 
Meridian. 
a. 1856, July 18. eae, 
by the passage of Antares, at about 9" p.m. Local Time ....... 135° 36'.2. 


b. 1856, September 30. 


The theodolite had been removed after the observations of September 17, and 
was put up again for the determination of the meridian. , 
We obtained by the passage of Fomathaud, at about 10" p.m. Local Time . . 225° 15'-6, 


No. 79. P&pum, mw TsAnsKar. 
This small village is the chief place of Tsinskar, situated on the left side of the 
Tsinskar river, in a broad valley, which, though well cultivated, is nearly devoid of 
trees. A fort built of unburnt bricks stands near the village. 


The latitude and longitude is estimated from itinerary distances. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
33° 29’ 0” 76° 5a’ 15" 11,590 feet. 
Meridian. 
Deduced from low, corresponding Altitudes of the Sun, 1856, June 25... 27° 10/-2. 
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No. 80. Dan, in Lapdx. 


The road from Leh to Skardo leads through this village, which is situated on 
the right side of the Indus. It is one of the numerous small villages which are 


found along the Indus valley; they are generally separated by tracts of uncultivated 


ground. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
34° 32! 35” 76° 25' 5” 9,690 feet. 


Observations: 1856, July 6. 
Instruments: ‘Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1856, July 6. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
ALM. 
hom iss o nww on nw 
1) 4 18 22 141 12 40 59 0 40 
2) 4 2311 142 16 9 59 57 50 
3) 429 1 143 39 40 61 8 12 
4) 4 32 36 144 34 30 61 48 15 
P.M. 
h m3 o of 4w o or Ww 
5) 10 33 37 311 14 20 36 32 45 
6) 10 43 16 312 29 40 34 33 55 
Barom. ee aN Ne Temp. of Air ase . 
21-432 inches. 70-9 Fahy. 


Calculated by Method I. 


We use for the calculations the means of 1, 2, 3,4 = I, and of 5 and 6 = LL, 


and give to observation 1 threefold weight, since it was marked as particularly 


good in the manuscripts of observation. * 
hom 8 ° ’ “ 
lL = £2319 59 59 23 
Il. = 1043 16 34 33 55 
L Il. 
‘ " i a“ 
Refraction... 2... — 22 — 58 
Parallax... 2.0... + 4 ++ 7 
Sun’s Semidiameter.. — 15 46 — 15 46 


Sum of Corr... — 16 4 — 16 37 
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°o a °o s 
Lh corr. = 59 43-3 & = + 22 41-9 
OIL h' corr. = 34 17-3 Y¥o= +4 22 40-3 





Latitude Ne. ce cc eh ee ee ee 34° 32'-6 
. Mean Noon (corrected for Fquation of Time). . 6" 26™ 43° 
Control. 
o t 
Calcul. Apparent Altitude of the Sun’s Upper Limb’ at 4" 29™ 1° 2. 61 7-6 
Observed Altitude .. 2.2.2.0... 0... eee es po 661 8-2 
Cale SObS.. x aie here nate, Swed eh pew cet eee vere SE ge eae es ata 4 — 0-6 
Longitude. 
hom 3 
Simla, May 15, Mean Noon by Chron. 1. ........,.-..00-, 6 25 21 
Rate = X. = losing 1°-7, for 52 days .. 1... 2... ee eee eee — 12 
Mean Noon at Simla, reduced to July6..........2200004 G6 23 53 
Mean Noon at Dah . 2.2... 6 26 43 
Meridional Difference ... 2... 0.0.0.0 2 ce eee es 2 50 
° ‘ 
Simla, East of Green. .........0.-.- 77 (7-6 
Dah, West of Simla...........-... 0 42-5 
Dah, East of Green... 2... 2. ee 76 25-1 


We have no exact data for comparison. 


No. 81. . Sdsser Pass, iv Nupra. 


The summer route from Ladék to Yarkand leads over this pass, which is situated 
in one of the greatest accumulations of glaciers we met with in this part of Tibet. 

It is the most difficult of all passes between Ladak and Turkistan; the track is easily 
discoverable, as it is strewn over its whole length with the skeletons of beasts of burden 
that have been exhausted with fatigue, and have dropped by the way. 

We placed our instruments on thesbroad snow-covered top of the pass itself. 

The stands were well secured .against sinking unequally in the snow. In all 
similar instances we were able to preserve the proper level by placing the legs upon 


a. solid foundation of stones. 


Geographical Co-ordinates. 


Latitude North. Longitude Kast Green. Height. 
35° 6 0” 77° 27' 35" 17,753 feet. 


31* 
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Observations: 1856, August 2. 


Instruments: Theodolite 2, Jones; Chron. 3; Hypsom. 5, Geissler. Observer: Hermann and Robert. 


Latitude and Time. 


1856, August 2. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 





P.M. 
h m 3 ° ‘ “ ° , “ 
1) 1117 7 9 5 40 26 1 43 
2) 11 20 29 9 31 32 2518 8 
3) 11 23 44 9 57 40 24 30 45 
4) 1126 2 10 16 15 24 0 43 
5) 11 29 11 10 41 20 23 21 43 
6) 11 31 28 11 015 22 53 18 
- « We: 2 1 
Barom. aot) mglin: Temp. of Air es 
. 15-260 inches. 54-3 Fahv. 
B. Polaris. 
2h 57™ 128 275° 54’ 50” 34° 26’ 0” 


° ~ 
6-1 C. 
43-0 Fahr. 


82°-74 C. = 396-0 millim. 


oS feat Temp. of Air 
5-591 inches. 


Hypsom. 





Latitude. 


The latitudes was “obtained from the altitude of Polaris, an approximation for 


time having been pretiously calculated from the series of observations of the sun. 


Resulting Latitude N. ......-.--.- 35° 6/. 


Longitude. 


Vor calculating the time, the mean of the observations of the sun was introduced 


w= 11" 24" 40°, 


°o t 
Ve Fo 23 he 28 RA ER BREE ERA DEE ATE OR ES ete 24 21-0 
Refraction: (hc econ Ae ER et He ge —_ 1-1 
Parallax (3 45 4d de RE te Be ae Bo f 0-1 
Sun's Semidiameter .. 02.00. es oe 15- 8 
240 4-2 


We SCOR ek kG PRE RE OE ORES EERIE 
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hom & 
Hour Angle of the Sun... 1... eee 4 50 22 
Time by Chronometer... 2.6.02 ee ee 11 24 40 
Apparent Noon .... 2... 0 eee ee 6 34 18 
Equation of Time... 2... eee ee -- 5 57 
Mean Noon........... Ye yah Sosa bse aed ae aye aos Sees 6 28 21 
Mean Noon at Simla, May 15 ... 2... 2.0.2 eee ee 6 28 21 
Rate = XIII. = gaining 1°-01, for 79 days .............. wt 1 20 
Mean Noon at Simla, reduced to August 2................ 6 29 41 
Mean Noon at Sdsser pass... 0... ee 6 28 21 
Meridional Difference in Time. ...- 1.2.2.2... eee eee 1 20 
Simla, East of Green. .........0.000- 77 7:6 
Sasser, Kast of Simla ............... 20-0 
Sasser, East of Green... ..........--- 77 27-6 
We have no data for comparison. 
Meridian. 
Deduced from the Altitudes of the Sun ......... 274° 46'-5. 


Nos. 82 and 83. Angin anp Dras. 


Both these villages belong to the Tibetan province of Dras. 

Kargil, the chief place of the province, is situated on a terrace upon ‘the left 
side of the Kartse (Stru) river; Dras, though a small village, is of political importance, 
and is protected by a strong native fort. oe 

The two places lie on the road which leads from Ladak to Kashmir. Complete 
observations of magnetic intensity were made at each station; we, therefore, give their 


latitudes and longitudes, as we estimated them by itinerary distances from Srindgger. 


KAnrew. . 
Latitude North. Longitude East Green. Height. 
34° 30’ 0” 76° 4’ Q” 8,845 feet. 
Meridian. 
From the passage of Fomalhaud, 1856, October 10 ...... 210° 15'-0. 
Dras. 
Latitude North. Longitude East Green. Height. 


34° 28° 0” 


The 43" 5M 


9,951 Seet. 
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Cunningham gives in “Ladak”, p. 476, latitute N. 34° 23’ 49”; for the longitude 


the same number is repeated by mistake. 


GROUP XI. 
BALTI AND HASORA. 
STATIONS 84 to 92. 


Hushe.—Chorkénda glacier.— A Shinchakbi.— Tso-Ka.— Askoli.— Chutrén.— Shigar. —Skardo.— 
Tashing. 


No. 84. Husue, 1n BAvtt. 


This small village is situated in the valley of the Chetanga river, on a terrace 
above its present level. 
The river is a tributary of the Shaydk,°and flows into it from the right, nearly 
opposite Kapalu. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 33/ 30” 76° 35’ 20” 10,440 feet. 


Observations: 1856, July 14. 
Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


A. Altitudes of the Sun. 


Latitude and Time. 
1856, July 14. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 


A.N. 
hm, ie oo w4# o fon 
1) 4 7 54 339 34 15 55 20 30 
2) 4 16 38 34] 31 0 57 4 20 
3) 424 9 343 18 20 58 32 35 
4) 4 46 59 349 20 0 62 55 55 
5) 4 54 38 351 44 55 64:20 10 
P.M. 

: hom 8 5 o fr Ww o nr w 
6) 9 54 40 142 37 20 44 48 55 
7) 10 1 29 143 41 20 : 43 25 45 
8) 10 6 9 144 23 40 42 28 20 
9) 10 10 13 145 0 40 41 38 25 


10) 10 14 23 145 38) (0 40 47 30 
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5° 
523-0 millim. 26-2 C. 
rom. Temp. of Air 
arom 20-591 inches. P m 79-2 Fahr. 


Calculated by Method I. 


We use- observation 4 =I. (since observation 5 is marked “doubtful”' in the original 


manuscripts), and the mean of observations 7, 8, 9, and 10= TIL. 


: 1. IL. 





Refraction ...........-.20000- = 019 _— 0 42 
Parallax. .........-. She ok atin s eek + 4 + 6 
Sun’s Semidiameter............. — 15 46 — 15 46 

Sum of Corr. ........ “— 16 17 — 16 22 


I. h corr. = 62 39-9 8 = + 21 40-9 
II. fh’ corr. = 41 48-6 & = + 21 38-8 





Latitude: N) i. esse ics ec RS Sob a 35° 36'.2 
Mean Noon (corrected for Equation of Time)..... Gh 29™ 255 
Control. 
° ‘ 
Cale. Appar. Altitude of the Sun’s Upper Limb at 4" 57™ 38°... 64 20-8 
Observed Altitude 0.0... es 64 20-2 
Cale:—Obs? oli be a eat eal} eel ee WR ee edge & 0-6 
e 
B. Observations of Polaris. 
1856, July 14. 
523-2 millim. 20-6 C. 
Barom. 2 ™ Det Temp. of Air 
20-599 inches. 69-1 Fahr. 
Altitude of Polaris at 3517" 40" 2... .....0... 34 32 40 
; Refraction . 2... 0. cc ee we es —_ 56 
RCOWV. 5. so a eb Re i Es DAE aS “34 31 44 
Latitude: Ne on foi cs ae Se hie ate ee ea 35° 30'-7 


Ax resulting latitude we adopt the mean of both determinations: 


Datitude (Nicest a atk a a ee a A RA LE 35° 33'.5 


' The control, however, shows that it is correct. 
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Longitude. 

h m 8 
Mean Noon at Shigar, by Chron. 1, 1856, August Dice ea ee Soames 6 32 44 
Mean Noon at Hishe, 1856, July 14... ........--...0.0, 6 29 25 
Rate+ XP S00: 2 ahd fe ew ed ais as Bd oe eee 3 0 0 0 
Meridional Difference in Time ..............-000000004 0 319 
Shigar, East of Green... 2.2 ee 15 45-5 
Hishe, East of Shigar...........0.....-0000020.00.0. 49-8 
Hushe, East of Green... ....... bean aeons a oo 76 35-3 


No. 85. Cuonxénpa Giacrer, anove A Donnéne, in BAT. 
This was Adolphe’s encamping place on the left side of the Chorkdnda glacier. 
As high up as A Dondong, which is already far from every inhabited place, shrubs 
are to he seen; but beyond there is scarcely any sign of vegetation. 


The longitude is estimated from distances by Shigar. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 33’ 20” 75° 56’ 0” 13,790 feet. 
Observations: 1856, July 24. 


Instruments: Theodolite 3, Troughton; Chron.: In this case he used his pocket watch, by Dent, 
for the intervals of Time, the Chronometer not being at hand at the moment of the Observation. 
Hypsom. 8, Geissler. Observer: Adolphe. 


Latitude and Time. 


1856, July 24. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
ALM. 
hom ss o nw o . «4 
1) 10 12 12 210 42 0 55 35 40 / 
2) 10 23 29 213 28 50 57 46 30 : : 
3) 10 33 0 215 59 15 59 35 (0 
4) 10 37 53 217 23 30 60 30 0 
P.M. 
hom os oof # ° ow 
5) 3 56 9 &12 0 43.15 45 
6) 4 121 a 12 7 
7) 4 5 28 gees 41 20 25 
a 4 8 52 10 12 20 40 39 10 
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° 
86°-46 C = 458-5 millim. 10-4 C. 
LH ypsom. Temp. of Ai 
Hypegm 18-052 inches. ae eS 50-7 Fahr. 
Calculated by Method I. 
Vertica® Circle. 


Time. 
hom 8 ° , “wn 
I. = Meana.m...... at 4 26 39 58 21 48 
Il. = Mean pw... .. at 10 2 57 41 51 52 

L Il. 

‘ “a t “a 
Refraction ............. — 22 _ 40 
Parallax: 6.665 eae et a + 4 + 6 
Semidiameter ........... — 15 47 — 15 47 
— 16 5 — 16 21 


Sum of Corr. ....... 


° f °o i 
I. h corr. = 58 5-7 8 = + 19 51-8 


Il. h’ corr. = 44 35-5 s = + 19 48-9 
Mean Noon (corr. for Equation of Time) .. 124 27™ 4» 
Latitude: N. ie cd eee eee ee SR 35° 33'.3 
Control. 
° i 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 10> 33™ 0° 59 35-1 
Observed Altitude 2.0... . ees 59 35-0 
+ 0-1 


Calc.—Obs 
The control shows that the single observations are so correct that a more 


minute calculation is unnecessary. 
Meridian. 
283° 19’-8 


Deduced from the Altitudes of the Sun 


No. 86. A Surncnfxsr Biknea, 1n BAttr. 


An uninhabited place, with shrubs and fine grass, situated on the left side of 
the lower part of the Musték glacier. At this spot Adolphe made a halt on his 


way up the Mustak pass. 

Geographical Co-ordinates. 

Longitude East Green. 
76° 0' 20” 


Height. 


Latitude North. 
13,553 feet. 


35° 56’ 35” 


Observations: 1856, August 25. 
Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 
32 


I. 
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Latitude and Time. 


1856, August 25. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
= A.M. 
hom 8 ° é a“ °o ‘ “ 
1) 410 50 220 0 0 49 21 55 
2) 4 18 28 22159 50 - 50 41 55 
3) 4 22 36 223 8 30 51 24 50 
P.M. 
hom 8 ° out o 4 “ 
4) 9 5 34 344 21 40 47 39 30 
5) 9 13 31 346 14 40 46 12 35 
6) 9 18 45 347 28 10 45 14 10 
7) 924 7 348 40 30 44 13 50 
o 
, 466-9 millim. . ( 12-4 ©. 
Peron 18-382 inches. Tempo An 54-3 Fahr. 


Calculated by Method I. 


For the calculation of the latitude we use the means of 1, 2, and 3 = I, and of 
4, 5, 6, and 7 = IL, giving to observation 6 double weight, since it was marked in the 


manuscripts as particularly good. 


Time. Vertical Circle. 
ho om 6 o vw 
I. = Meana.m....... at 4 17 28 50 29 13 
I]. = Mean p.M....... at 916 8 45 42 51 
1. Il. 
i , 
Refraction ...........0.4- — 0-8 — 1-0 
Parallax 2... ...2.-2.0200% + 0-1 -+- O11 
Sun's Semidiameter........ — 15-9 = 15-9 
Sum of Corr... 2.2... — 16-6 — 16:8 
° ‘ ° ‘ 
Jl. h corr. = 50 12-6 6 = + 10 44-2 
II. h’ corr. = 45 26-0 & = -++ 10 39-9 
Tiatitude: Ne sed 4208 oe RR eh Dae Hak Be 35° 56-6 
Mean Noon (corrected for Equation of Time) ... 6" 31m 45* 
Controls. 
°o ’ 
Calcul. Apparent Altitude of the Sun's Upper Limb at 4" 22" 36... . 51 23-1 
Observed Altitude. 2.0.0 ee 51 24-6 


Cale OW se p26 cee thle coe Bud tee a De a 2 te ea ge ee ee — 
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Calcul. Apparent Altitude of the Sun’s Upper Limb at 45 18™ 28"... . 50 40-1 
Observed Altitude... 0. ee 50 41-9 
Cale SO D8 seins eee eee eee ik ks OE cok a hes bo Oh eRe Sens We 18° 
es 
Longitude. 

Mean Noon at Shigar, by Chron. 1, 1856, August 5 ..........-.. 6 32 44 
Mean Noon at A Shinchaikbi Bianga, 1856, August 25............ 6 31 45 
Rate = XD = O80 on ev ee eS a a ae ee ee bes 0 0 0 
Meridional Difference in Time ..........-.-... 0000000 00- 0 059, 

Shigar, East of Green... 2... 0 ee eee 75 45-5 

A Shinchikbi Biinga, East of Shigar........-... 0 14-8 

A Shinchakbi Bianga, East of Green. .........., 76 0-3 


No. 87. A Tso Ka, mv BAuti. 


This small glacier lake is a periodical one, formed in summer by the melting 
of the ice on the left side of the large Mustak glacier. 

Patches of grass are to be found on the flanks of the mountains which skirt the 
lake, but the locality is beyond the limit of shrubs. 

A Tso Ka is on the way leading from Shigar across the Mustak pass to Turkistan. 


Adolphe here determined the dip only; we adopt: 


° ‘ 
Latitude: N.. 42g segs Ra ee ee Rae 35 58 
Longitude:s.. 005 6 ei ba es ea 76 3 


referred to A Shinchakbi Bianga. Height of A Tso Ka: 15,724 feet. 


No. 88. AsKou, 1n BAtt1. 


The highest village in the Upper Brahaldo, or Kéngma Brahaldo valley, situated 


on the right side of the Brahaldo river, an affiuent of the principal river of Shigar. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 41/ 20” 75° 56’ 0” 9,710 feet. 
Observations: 1856, August 14. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 
32* 
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Latitude and Time. 


1856, August 14. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
= A.M. 
ho om a ° oo ° ’ ” 
1) 412 8 100 1 10 51 39 50 
2) 4 16 55 101 4 10 52 26 30 
3) 4 23 26 102 47 50 53 38 10 
P.M. 
h om 3 o tou ° you 
4) 9 59 37 244 0 20 40 10 23 
5) 10 3 35 244 42 0 39 23 57 
6) 10 8 37 245 36 20 38 23 30 
° 
534-8 millim. 20-2 C. 
Barom. } ” nae Temp. of Air 


21-055 inches. 68-4 Fahr. 


Calculated by Method I. 


We use for the calculation the means of 1, 2, 3 = L, and of 4,5 = IL, observation 6 


being marked “doubtful” in the original manuscript.’ 


Time. Vertical Circle. 
hom 4 ° yon 
I,= 417 30 52 34 50 
Il. = 10 1 36 39 47 11 
J II. 
Refraction ........... — 0:9 — 0-7 
Parallax ............ -+ 0-1 -- 0-1 
Sun’s Semidiameter...... — 15-8 — 15-8 
Sum of Corr. ..... — 16-6 — 16-4 
° ‘ ° ‘ 
I. h corr. = 52 18-2 8 = -++ 14 21-0 
I. kh’ corr. = 39 30-8 8 = 4+ 14 16-6 
Batitude. Neos see ees oe SAA OE 35° 41'-3 
Mean Noon (corrected for Equation of Time). . 6" 32™ 2° 
Control. 
° é 
Calcul. Apparent Altitude of the Sun’s Upper Limb at 10 8 37°... 38 23-7 
Observed Altitude 2.00.0. 38 23-5 
Cale: OD8i0 oe otek ee Soe ds SO lh oR UTE 4+ 0-2 


1 The control, however, shows that it is correct. 


: co 
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Longitude. 
Mean Noon at Shigar, by Chron. 1, 1856, August 5... .......0.. 6 32 44 
Mean Noon at Askoli, 1856, Angust 14...........0 0002000005 6 32 2 
Bates XT S080. 2s enced Sah ed ed Sard uae Ba ae SB a 0 0 0 
Meridional Difference in Time... ......-.....2. 00000000 00% “oO 042 
° ’ 

Shigar, Fast of Green... 2... 0... eee eee 75 45-5 

Askoli, East of Shigar .. 22... 00. eee ee 10-5 

Askoli, East of Green. 2.0... 2 0 ee ee “75 56-0 _ 


No. 89. Cuurrdéy, In BAxti. 


Several hot springs take their rise near this small village, which is situated on 
the right side of the Shigar river, in its upper course, where it flows through the 
district of Basha. The springs, which have a temperature of 44°-0 C. = 111°:2 Fahr., 


issue from the base of a steep gypsum rock. 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
35° 44’ 35” 75° 25' 40" * 8,060 feet. 


Observations: 1856, August 8. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1856, August 8. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
A.M. 
hom 8 ° ‘ “ ° ' “" 
1) 3 51 47 81 27 20 48 14 40 
2) 3 56 35 82 26 30 49 8 50 
3) 4 214 83 24 20 50 14 30 
4) 411 47 85 51 30 52 3 20 
P.M. 
h mw 8 ° i a“ ° : an" 
5) 10 4 29 235 15 20 40 48 0 
6) 1010 2 236 14 0 39 41 15 


7) 10 16 26 237 17 50 38 24 40 
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oO 
. ( 564-2 millim. 23.2 © 
Barom. Temp. of Air . 
™- } 92.913 inches. emp. 8 1 73-8 Fahr. 


Calculated by Method I. 


We take for the calculation observation 4 — I., since it is marked in the manu- 


script as particularly good, and the mean of 5, 6,7 = II. 


lL IL 
Refraction ......... = 37 af. 57 
Parallax .......... ++ 5 + 7 
Sun’s Semidiameter .... — 15 48 — 15 48 
Sum of Corr. ... — 16 20 — 16 38 


°o é ° ‘ 
I. h corr. = 51 47-0 & = + 16 8-1: 
Il. h’ corr. = 39 21-3 = + 16 3-8 


Latitude: Nua iv oe oe ee ee ee 35° 44'.6 
Mean Noon (corrected for Equation of Time) .. 6" 34™ 3° 
Control. 
° ‘ 
Calcul. Apparent Altitude of the Sun’s Upper Limb at 42 2™ 14°... 50 14-3 
Observed Altitude 2... 0... ..6 0.0 Fee ee eee eee Soak ams n't 50 14-5 
Cale—Obs:. doc valle Bie he ales bab eels Oe eS Ba — 0-2 
Longitude. 
h om 8 
Mean Noon at Shigar, by Chron. 1, 1856, August 5 .......--..-- 6 32 44 
Mean Noon at Chutron, 1856, August 8 2... 6.2.2. eee ees 6 34 3 
Rate = XT = 09-0 2 es 00 0 
Meridional Difference in Time... . 0... 2-0 2) ee eee ee es 0 119 
° ‘ 
Shigar, East of Green. .. 2... eee ee es 75 45°5 
Chutron, West of Shigar... 2.62.2. 0200055 "2. 0 19-8 
Chutrén, East of Green. 2... 0 es 75 25-7 


No. 90. Suicar, iy BAutt. 
Though the chief place in the district to the north of Skardo, this is but an 


unimportant village, situated on the right side of the Shigar Lungba river. 


The longitude was computed most carefully from itinerary distances. Compare p. 107. 
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Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
35° 28' 35” 75° 45’ 30" 7,537 feet. 
Observations: 1856, August 5. 


Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1856, August 5. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
AM, 
h m 6 ° ‘ “ ° t “ 
1) 3 1341 279 27: O 38 56 30 
2) 3 6 1 280 11 40 39 50 40 
3) 3 12 23 281 15 30 41 810 
4) 3 19 55 282 33 40 42 39 20 
P.M. 
hm a ° ‘ “ ° , “ 
5) 10 33 26 89 32 40 35 14 15 
6) 10 38 49 © 90 23 40 34 8 10 
7) 10 43 57 91 8 20 33 6 10 
° 
578-1 millim. 22-7 ©. 
Barom. ont eae Temp of Air gate 


22-760 inches. 72-9 Fahr. 


Calculated by Method I. 
We use for the calculation the means of observations 1, 2, 3,4 = I, and of 5, 6,7 
= IL, giving to observation 5 double weight, on account of its being marked as parti- 


cularly good in the manuscripts of observations. 


Time. Vertical Circle. 
h m 8 ‘ “a 
J. = Meanam......at 3 9 58 40 38 40 
Il. = Meanp.m....... at 10 37 24 34 25 42 
IL Il. 
é i 
Refraction ............ — 1-0 — 1-2 
Parallax 2.2. ......0.0-. + 0-1 + 0-1 
Semidiameter .......... — 15-8 — 15-8 
Sum of Corr. ....... “— 16-7— — 16-9 
Qo é ° é 


I. kh corr. = 40 22-0 & = + 16 58-8 
Il fh’ corr. = 34 8-8 8 = 4+ 16 53-7 
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Natitude N. 2.40. 70:0-4.2 4085. 9 B48 ete oda 35° 28'.6 
Mean Noon (corrected. for Equation of Time). . 6 32™ 44°. 


Control. 
Caleul. Apparent Altitude of the Sun’s Upper Limb at 3519" 55% .... 42 38-8 
Observed Altitude 2.2... 2.2 ee ee eee 42 39-3 
Cale ODS «enue tes ioe uta aeon ee ene O 48 Pe? eieieid Mallee Dag — 05° 


No. 91. Sk&rvo, in BAuTr. 


Skardo lies upon the left bank of the Indus, and, though the capital of Balti, is 
in a commercial point of view a town of far less importance than Leh, the capital of 
Ladaék, and Gartok, the principal place in Gnari Khorsum. 

The Baltis, however, are generally good cultivators, and produce many articles 
for export, of which dried fruits form the largest item. 

Adolphe took his observations at Nagolisbing, about one mile 8.W. of the fort, 
where a few isolated houses are standing. : 


Geographical Co-ordinates. 


Latitude North. Longitude East Green. Height. 
35° 20' 12” 75° 44’ 0” 7,250 feet. 


Observations: 1856, September 2. 
Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


A. Altitudes of the Sun. 


Latitude and Time. 


1856, September 2. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
A.M. 

hom os o of 4 o rf Ww, 
1) 3 42 13 231 11 30 42 46 0 
2) 3 49 23 232 49 50 44 5 20 
3) 3 54 22 233 59 40 44 59 55 
4) 3 57 47 234 49 40 45 36 15 
5) 411 7 238 11 25 47 57 30 
6) 4 16 10 239 31 (0 4817 0 
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P.M, 
Lh om 8 ° ‘ aw o ‘ ‘“u 
7) 10 25 19 13 34 25 30 30 40 
8) 10 51 37 17 54 0 25 15 0 
° 
583-2 millim. 22-9 C. 
B ; T f Ai 
orem | 22-961 inches. emp or 8 173-9. Fabr. 
Calculated by Method I. 
Latitude: Ne... 3 dey git onte es oe gh e ete cee eie WA 35° 18’-3 
Mean Noon (corrected for Equation of Time) ....... 6" 32™ 50° 


The detail of these calculations is given as one of the examples, pp. 86 et seq. 


B. Observations of Polaris. 





1856, September 2. Vertical Circle. 
ho om 8 ° ‘ “ 
318 5 35 30 40 
3 29 11 35 34 36 
3 42 19 35 39 30 
Mean 3 29 52 Mean 35 34 55 
° 
584-2 millim. 20-6 ©. 
B : | T f Air 
en { 23-0 inches. emp or 1 69-1 Fahr. 
°o ‘ “a 
Refraction: <4 iiu2.d.0) Pk a, BS La Rs ee eg — 10 
DatitudeoN: nies dain, 6 ores “eS ea ate as Bs 35 20 17 
Latitude N., calculated from the highest Altitude alone .... 35 20 8 
Latitude N. (Mean of both calculations of Polaris) ....... 35 20 12 
This is the latitude we adopt. 
Longitude. 
h om 9 
Mean Noon at Shigar, by Chron. 1, 1856, August 5 ....... 6 32 44 
Mean Noon at Skardo, 1856, September 2............. 6 32 50 
Rate XT: 0°00 ooaes ks hae ee ae ee eee ee 0 0 0 
Meridional Difference in Time... 2... 0.2.2.2... 00 0 eee 0 0 6 
Shigar, East of Green. .............. 75 45-5 
Skardo, West of Shigar.. 2... ..-.20.0.0. 1-5 
Skardo, ast of Green... 2.2... .20000. 75 44-0 
Meridian. 


Deduced from the Altitudes of the Sun ..... 296° 23'-1. 
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No. 92. TAsHime, in Haséra. 
A small fort stands near this place, which is an unimportant village to the north- 
east of the Diamer peak, in the valley of Hasdra. 


The instruments were put up 200 yards N.N.W. of the fort, in a fine, open 


meadow. Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 15’ 40” 74° 40’ 40” 9,691 feet. 


Observations: 1856, September 20. 
Instruments: Theodolite 3, Troughton, Chron. 1; Barom. 6, Adie. Observer: Adolphe. 


Latitude and Time. 


1856, September 20. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 
ALM. 
h m a ° ‘ “ ° f “" 
1) 412 16 8 24 0 43 25 30 
2) 4 19 56 10 28 24 44 37 57 
3) 4 24 23 1] 42 44 45 18 30 
4) 4 27 53 12 44 50 45 50 30 
5) 4 36 43 15 19 30 47 610 
6) 4 42 14 16 57 47 47 51 10 
P.M. 
hom 8 ° oon ° ‘ “ 
7) 9 32 46 120 40 40 35 41 35 
8) 9 39 22 122 5 0 34 41 0 
9) 9 51 6 124 27 55 32 21 20 
10) 9 58 41 125 52 40 31 0 10 
° 
( 537-2 millim. “ ~ h £2 TOO 
em 21-150 inches. Ee 60-3 Vahr. 


Calculated by Method I. 


We use for the calculation the means of observations 1 to 6 = L, and of 7 to10 = IL 


Time. Vertical Circle. 
hom 6 9 sou 
Il. = Mean a.mM..... at 4 27 14 45 41 38 
Jl. = Mean p.m...” .. at 9 45 24 33 26 1 
o Z o é 
I kh corr. = 45 25.2 86 =41 2.5 
Ill. h' corr. = 33 9-2 = + 0 57-3 


Latitude Ni... 2. ee ee 35° 15'-7 
Mean Noon (corrected for Equation of Time) 37™ 3° 
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Longitude. 
hom a 
Mean Noon at Shigar, by Chron. 1, 1856, August 5 .......... 6 32 44 
Mean Noon at Tashing, 1856, September 20............... 6 37 3 
Tate: Kel 0% Ore aac eo heres: hp ee Se we eee dh rae 3 0 0 0 
Meridional Difference in Time .........-....2-00+00000, 0 419 
+ ° 
Shigar, East of Green... ............. 75 45-5 
Tashing, West of Shigar ............. 1 4-8 
Tashing, East of Green... .......-.-.-. 74 40-7 
Meridian. 
Calculated from the Altitudes of the Sun ..... - §8° 36’-0 


c. KARAKORUM AND KUENLUEN. 


GROUP XII. 
TURKISTAN. 


STATIONS 93 to 112. 


Karakorim.—Kittk-Kié]—Suget.—Route from the Karakoram pass to Bushia. 


For the extent of the range included under the name of “Karakorim”, compare 
our general map, and the map of routes No. I. of the Atlas. 

The Karakorém runs generally parallel to the Himalaya, beginning east of 
Lhassa and ending at the longitude of Haséra. It forms the northern border of 
Kastern and Western Tibet, and, what is more important still, this range, and not 
that of the Kuenlien, forms the watershed between India and Central Asia. 

Different names are given to this chain in the various provinces along its foot; 
we selected as the general name the one used in Turkistan, and which is also known 
in Ladék. Its signification, “the black mountains”, in contrast to the more snowy 
chain, “Himalaya”, alao appeared to us very well to express one of the most charac- 


teristic features of its physical geography. 


337 
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No. 93. Karaxortm Pass, 
FORMING THE FRONTIER BETWEEN LaDAK AND TURKISTAN. 

We reached this pass at 2 p.m., and remained till the approach of night com- 
pelled us to descend. Heavy gusts of wind, which sprang up soon after 3 p.M., con- 
siderably added to the difficulties of the observations, as the rarefaction of the air 
causes much more pain under the influence of strong winds.' The effect on this occasion 
was such that only two of our people could be induced to remain with us at the top 


of the pass; the others, who had already gone down, we did not reach till 11 o'clock 


at night. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 46’ 55” 77° 30’ 21” 18,341 feet. 


Observations: 1856, August 9. 


Instruments: Theodolite 2, Jones; Chron. 3; Hypsom. 5, Geissler. Observers: Hermann and Robert. 


Latitude. 

Our very limited stay, and the various observations we had to make for completing 
the magnetic determinations, rendered it impossible to take altitudes of the sun till 
late in the afternoon. These altitudes give time and longitude very well, but the 
latitude with hardly sufficient accuracy. We, therefore, preferred deducing the latitude 
from itinerary distances and bearings referred to the Sasser pass. 

We obtain Latitude N. 35° 46’:9. 


Time and Longitude. 


1856, August 9. Horizontal Circle. Vertical Circle. 
ho om 8 ° sou ° on 
10 48 31 193 54 15 30 43 42 
10 55 8 195 1 0 29 10 42 
111215 195 55 50 27 56 12 
11 5 6 196 29 50 27 7 22 
o 

g2°-4 C. = 390-6 millim. y 10-8 ©. 

som. Temp. of Air : 

Hypsom. } 15.379 inches. emp, ob) 51-4 Fahr. 


‘he time is calculated (with the latitude given above) from the mean of the 


preceding observations. 
Mean of Time. Mean Altitude. 


10% 57™ 30° 28° 44'-5 


1 See pp. 25 and 26. 
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Refraction ..... S dp eet ght Sele A — 1-7 
Parallax .....-..-.---0-000-- fF 0-1 
Sun’s Semidiameter ...........-.- — 15-8 
Corr. Altitude at 10" 57" 308... ... 28 27-1 


8 = + 15° 45'.6 


Time by Chronometer .......... 10 57 30 
Hour Angle of Sun............ 424 1 
Apparent Noon ........-..--. 6 33 29 
Equation of Time ............- 5 12 
Mean Noon..............--. 6 28 17 
r h m 8 
Mean Noon at Sfmla, by Chron. 3, 1856, May 15... 6 28 21 
Rate = XIII. = gaining 1°-01, for 86 days...... 4 1 27 
Mean Noon at Simla, reduced to 1856, August 9... 6 29 48 
Mean Noon at Karakorim pass.............. 6 28 17 
Meridional Difference in Time............... 0 131 
° ‘ “ 
Simla, East of Green... 2... ee 77 7 36 
Karakoram pass, East of Simla.............. 0 22 45 
Karakoriim pass, East of Green... 2... ...-.... 77 30 21 
Meridian. 
Trom the Altitudes of the Sun........ 285° 53'.5 


No. 94. Krtx-Kié,, tae “Buiusiso-Green Lake”, IN TuRKISTAN. 
This lake of brackish water is situated on the right side of the Karakash river, 
in its upper eastern course. 
It is scarcely ever visited by caravans, on account of its great distance from 
every inhabited place, though it is surrounded by large patches of grass, and is 
frequented by herds of wild animals. Hot saline springs are very numerous a few 


miles lower down the Karakash valley. 


Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 
35° 40' 0” 77° 56’ 0” 15,460 feet. 
Observations: 1856, August 13. 


Instruments: Theodolite 2, Jones; Chron. 3; Hypsom 5, Geissler. Observer: Hermann. 


262 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Latitude and Time. 


1856, August 


_ 


3. Horizontal Circle. Vertical Circle. 
AM. 
Sun, Lower Limb. 


b off w o or «4 
1) 5 12 58 124 35 15 52 7 20 
2) 5 32 22 -130 0 30 55 36 30 
P.M. 
Sun, Upper Limb. 
ho mia of «4 of w c 
3) 10 12 44 259 33 40 48 12 20 
4) 10 32 9 263 42 15 44 28 10 
° 
85°-18 C. = 436-1 millim. 17-6 C. 


Hypsom. Temp. of Air 


17-170 inches. 63-7 Fahr. 


When descending the Karakorim, pass on the evening of the 9th August, we 
were overtaken by the night before reaching our encampment at A Biullu. One of 
the horses carrying the theodolite fell down, and the level of the vertical circle was 
unfortunately broken. We had a spare level with us, which we connected with the 
vertical circle, but only with approximate accuracy. We thought at first that we 
had succeeded in properly adjusting the vertical circle; but upon repeating our trials, 
we found, when taking the vertical angles of different peaks, that the adjustment was 
not sufficiently correct. 

A few days later we succeeded in properly fixing the spare level. It then kept 
in perfect order, as is proved by our subsequent observations taken at A Suget.’ 

Kitk-Kiél seemed to us a station of such importance that. we attempted to find 
a method for calculating the latitude from the azimuthal motion of the sun. 

The method we employed was the following: 

We have four observed times: 

ttt", 
and four altitudes reduced to the sun’s centre, containing an unknown error, y: 
h+ty Wy Wty Wo + y; 


and 
t’ — ¢ is about equal to ¢” — ¢”, () 


h is about equal to h” + (h' — h). (2) 


The altitudes are not corresponding ones; but, nevertheless, they can be used in 


' Mee pp. 264 et seq. 
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a similar manner to corresponding altitudes for the determination of the apparent 


noon, as will be seen from the following formule: 








es ho -+y = 52 2301 
“{ # = 53222 RM +y = 55 52-1 
#—t = 192% WW —h = 329-0 
7 t’ = 1012 44 hh" + y = 47 56-5 
“= 1032 9 AY + y = 44 12-4 
wat! = 1925 A” —hY = 3 44-1 


Neither of these two groups alone can be used for forming corresponding altitudes: 
as, in doing so, the higher terms of the vertical motion of the sun would be omitted. 

The approximate equations (1) and (2), however, show that the apparent noon may 
be deduced with quite sufficient accuracy by representing 


h by h’” — bh", and 
h" by hb —h. 


We then obtain the two following equations: 


° ‘ ° ‘ ‘ “ 
3.44-1:4 26-6 = 19 25:2 
3 29-0:4 26-6 = 19 24:2. 
Apparent noon by combination A: 
h m 


h and h” veduced by hi” — h" to h = 7 31 18; 


» by combination B: 
h” and h reduced by h' — h to h” = 7 30 28 
Apparent Noon, Mean........... 7 30 53 


Latitude. 
We adopt an approximate value, 36° 19’ (obtained by method IL.) as first hypo- 
thesis, but recollecting the error in the adjustment of the vertical circle, we take as 
second hypothesis any other value, say 20’ less (for facility of interpolation) = 35° 59’, 


and we then deduce the latitude representing the azimuthal motion of the sun. 


Hypothesis A B 
°o i °o i 
Azimuthal motion, calculated .... . 137 30 138 22 
‘3 » observed ...... 139 7 139 7 
Cale.—Obs.. 2 0 ee — 137 — 0 45 


The true latitude therefore is obtained by the equation: 
52°: 45' = 20': Ag 
Ago == 19'; > = 35° 40’ = Latitude N. 
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The longitude was deduced from itinerary distances; chronometer 4 might have 
been reduced by comparison with chron. 3, but, the level of the theodolite being out 


of order, the longitude so obtained would, nevertheless, have been very badly defined. 


No. 95. A Steer, ww TurxistrAn. 


This halting place for caravans trading between Ladik and Khotan is one of 
the finest to be found on this deserted route. It is about two miles distant from 
the left side of the Karakash river, in a broad, lateral valley, which, however, is narrow 
and steep at its lower end. 

Shrubs, called “Siget” by the Turks, and covering isolated spots in the valley, 
have given the present name to the place. Circular walls of stones are erected at the 
halting place to shelter travellers from the wind during the night. 


The nearest inhabited places to the south are nine marches distant. 
Geographical Co-ordinates. 
Latitude North. Longitude East Green. Height. 


36° 10’ 25” 77° 50’ 5” 12,960 feet. 


Observations: 1856, September 1. 


Instruments: Theodolite 2, Jones; Chron. 3; Hypsom. 5, Geissler. Observers: Hermann and Robert. 


Latitude and Time. 


1856, September 1. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 

hom ss oo ru o fw 

1) 6 28 33 331 39 35 62 16 40 

2) 6 32 22 332 42 15 62 18 15 

3) 6 36 40 335 57 0 62 14 30 

4) 6 40 18 337 50 20 62 9 40 
5) 6 58 11 347 2 10 61 30 45 

° 

89°-0 C. = 505-8 amillim. 15-0 ¢, 


Temp. of Air 


Hypsouts 19-913 inches. 59-0 Taher. 
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First Approximation. 


Calculated by Method III. The detail of the calculation is given pp. 92 and 93. 


We had obtained: 
Latitude Ny: sia ean ilawe 24 Ok oe ed 36° 10° 54” 
Apparent Noon .........-..000.0. G> 31™ 49" 


Second Calculation. 


I. Comparison of the Observations. 





6536™40°} 6> 40™18% 69 58m 118 





6" 32™ 22° 





Time by Chronometer....... G" 28™ 338 
Apparent Noon by the first Ap- 


proximation ........., 





6 31™ 49% Gh 31™ 498 






6"31™49° 





6" 31™ 495] 6" 31" 49° 


Hour Angle in Time........ — 0" 3™ 16%)-+ 0% 0733" )4 OF 4™51* |4+ 0h 8m 29% Oh 26m 208 
Hour Angle in Arc = ¢. . |— 0° 49’-0 |+ 0° 8/-3 |4+ 1°12'-8 [4+ 2° 77-3 |-- 6° 35’-5 
-- 0-08433 |-+ 0-08433 |- 0-08433|+4 0-08433)4 0.08433 
+ 0-79884 |+ 0-79892 |4 0.79873 {+ 0-79836 |-- 0-79363 


















sng sind’.............. 
cosm cos cost 1... 2... 


Sum = sinh .. 2... 0-88325 0-88306 0-88269 0-87796 | 








kh (True Altitude of the Sun’s 
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II. Determination of the most probable Elements by the Method of Least Squares. 


We obtain the five following differential equations developed for each single 
observation : 
1) 0 = + 9-71 — 9-68 dq + 8-05 dt 
2) 0 = + 8-67 — 9-68 de — 7-28 dt 
3) 0 = + 0-05 — 9-68 dp — 8-24 dt 
4) 0 = + 0-31 — 9-68 dq — 8-47 dt 
5) 0 == | 0-63 — 9-68dm — 8-96 dt 


1 Refraction + 073; Parallax — 0/-1; Sun’s Semidiameter -+ 5‘: 9. 
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These equations, applying the method of least squares, give: 


do = — 0-2 os oe Ge 
dt = + 1° 9'-5 dT =-- 4 38 
Apparent Noon. ..... = 62711 
@ = Latitude N..... = 36° 10'-4 


The great correction of d TJ, exceeding the usual limits of the differentials, is 
caused by the first altitude having been observed 2:9 too low, an error only discovered 


by the various methods of calculation. 


Ill. Comparison of the Single Observations with the Final Elements. 


No. of Observ. Calce.—Ohs. 
i 
1 b 2-9 
2 — 0-4 
3 — 0-3 
4 — 0-2 
a — 4-4 
Longitude. 
: i m 3 
Mean Noon at Simla, by Chron. 3, 1856, May 15 ........ 6 28 21 
Rate = XII. = gaining 1*-01, for 109 days... 2.2. .0..0. + 1 507 
Mean Noon at Simla, reduced to 1856, September 1 ....... 6 30 11 
Mean Noon at ,\ Stiget ©. 22-2 6 27 21 
Meridional Difference in Time... .............2000. 0 2 50 
Simla, East of Green 2.0 ee 77° 7-6 
_\ Stget, East of Simla... 0 eee 9 42-5 : 
\ Stiget, East of Green. 002 ee 77 50-1 
Meridian. 


Deduced from the second Approximation... . . 430° 55'-8. 


GROUP XU. TURKISTAN. 267 


Roure rrom tHE Norturrn Foor or rue Karaxortm Pass ro Busuia. 


Besides the direct observations, given above in detail, the circumstance, that we 
could use as points of reference a great number of peaks with very well defined 
forms, allowed us to connect our several halting places along the whole line of route 
with each other, and to refer them to the stations fixed by our direct observations. 

The northernmost point which we (Hermann and Robert) reached in Khotan, after 
crossing the Kuenlien, was Buishia. Though permanently inhabited by shepherds (who, 
failing to penetrate our disguise, gave us a very hospitable reception) it does not con- 
tain any regularly built houses; caves and tents forming the places of abode for the 
inhabitants, even during the winter. Bushia is situated just at the uppermost limit of 
the cultivation of grain, which rises here to a height exceeding the average height 
of the snowline in the Alps. 

All our movements being closely watched by the population, amongst whom we 
had to encamp, while awaiting the result of negociations for provisions, horses, and 
yaks, we were frustrated in our repeated endeavours to make some observations with 
our sextants. Though selecting the quietest hours of the night, between 3 and 
4 o'clock in the morning, we soon found that our early rising excited notice, and we 
were obliged to give up all idea of taking observations of Saturn and the moon, a 
circumstance which we felt the more vexatious, as, from the beautiful transparency of 
the air, they presented a particularly brilliant appearance. 

The followimg list contains the geographical co-ordinates of our encampments.' 
No. 96. A Btu, at the northern foot of the Karakortim pass, on the road to 

Yarkand. Lat. N.: 35° 49°. Long. I. Gr.: 77° 31’. Height: 16,889 feet. 
No. 97. A Cnivedne, east of the Yarkand road, a barren place covered with saline 
efflorescences. Lat. N.: 35° 58’. Long. E. Gr.: 77° 35’. Height: 16,416 
feet. 
No. 98. A Kissinkortm,’ a secondary watershed between the Yarkand and the Karakash 
rivers. Lat. N.: 35°57’. Long. E. Gr.: 77° 50’. Height: 17,762 feet. 


' Though considering them as one general group, we nunber them separately for greater convenience of 


quotation. 
> We frequently made similar determinations of geographical positions along our routes in the Himalaya and 
in Tibet. The detail of these will he communicated in another part of our publications. 
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AxsdeE Cain, the basin of a lake now drained, in the upper part of the 
Karakash valley. A short distance lower down we came upon a similar 
basin, filled with solid ice, even in August. Lat. N.: 35° 52’. Long. E. 
Gr.: 77° 51’. Height: 16,620 feet. : 
1856, August 16, in the Karakash valley, below the Kitk-Kidl. 
Lat. N.: 35° 49’. Long. EB. Gr.: 77° 51’. Height: 14,820 feet. 

KArin Dra, in the right side of the Karakash valley. Lat. N.: 35° 50’. 
Long. E. Gr.: 78° 12’. Height: 14,420 feet. 

BasHmMatetn, name of a small island in the Karakash river. Lat. N.: 
35° 50’. Long. BE. Gr.: 78°17’. Height: 14,214 feet. 

1856, August 17, in the Karakash valley, below Bashmalgim. Lat. N.: 
35° 51’. Long. E. Gr.: 78° 22’, Height: 14,000 feet. 

Srxdnper Moxdm, in the Karakésh valley, with an old ruined fort.' 
Lat. N.: 36° 3’. Long. E. Gr.: 78° 29’. Height: 13,864 feet. 

1856, August 19, in the Karakash valley. Lat. N.: 36° 8’. Long. E. 
Gr.: 78° 14. Height: 13,613 feet. 

Stmeat, a halting place with some shrubs and pasturage. Here the 
road branches off to Hlchi. At this spot we stayed for a day, which 
enabled us to make some magnetic observations, and at the same time 
to give the necessary rest to our animals, who were by this time in a 
most wretched condition. Lat. N.: 36° 8’. Long. E. Gr.: 78° 5’. Height: 
"13,212 feet. 

GuLpacasnén, with large Yashem (Nephrite) quarries, occasionally fre- 
quented by numerous caravans. Lat. N.: 36° 9°. Long. BE. Gr.: 77 An’, 
Height: 12,252 feet. 

Excar Davdy, is the pass leading from the Karakash valley to Elchi, very 
steep on the southern side, and with an extensive glacier descending to 
the north. For commercial purposes the routes over the pass “Yurungkash 
Davan” are preferred. Lat. N.: 36° 13’. Long. BE. Gr.: 78° 7’. Height: 
17,379 feet. , 

Biswa, in the upper part of the Elchi river. Lat. N.: 36° 26’. Long. 


Be. Gr.: 78° 19. Height: 9,310 feet. 


iniled also the year following by Adolphe; sce the description of this place, p. 63. 
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, ; 
APPROXIMATE DETERMINATION OF ELCHI, YARKAND, AND KAsnHaar. 

Our brother’s routes, and such information as we could derive from various itineraries, 

allowed us also approximatively to determine the geographical positions of these places. 


From official information, just received (July, 1860), we have reason to hope' that our 


late brother’s manuscripts, during his journeys in Turkistan, may still be saved. If so, 
we will subsequently give the full detail of his observations. For the present, we 


adopt, as the most probable results: 
Lat. N. Long. E.G 


~ 
4 
= 

ee 


t ° 1 o / 
NoxéL1 0%; FRUORI- 31) She Sie cb SOS nk BO ts 36 50 78.20 ° . 
No. 111. YARKAND........20. 0000000000 eee ee ... 88-10 74 = 0 / Sy 
/ *, 
Nos P12 KXSHGAR oi 6 es eo ie ee Se te ee 39 15 71 50 : 


Iaproth,? Humboldt,’ and Ritter,* and also Waugh (for Yarkand) give for the 
latitude values very little differing from ours; but their longitudes: appear to be 


' 


nearly 2° too far to the east.’ 


The values adopted by these authorities are: 





Place. Lat. N. Long.. E. Gr. : ae 
: o 7 o oF iis. Oe } 4, - . im 7 ine Ge 6 
Elchi.... 37 0 80 35 ee ae ay 77- 28 
Yarkand.. 38-19 76 186 oe ng ita Ae taal ,4 
Kashgar... 39 25 73 55 eg FP Fae hal 36°98 bey Jo - 


Z * : 
tan SY 2 Deen 


é 


We have, however, the more reason to think our determinations correct, from the 


> 
1 





greater proximity of our stations of direct observation. Hitherto all the geographical 


positions in this part of Central Asia have been referred to Peking, which is much too 


distant to afford sufficient accuracy for longitude. ‘ 

' Compare also the Lahore Chronicle, and the Bombay Times, May, 1860. 

? J. Klaproth, Carte de l'Asie Centrale, dressée d’aprés les cartes levées par ordre de ?Empercur Khienlong, 
par les Missionaires de Peking, ct d’aprés un grand nombre de notions, extraites ct traduiters de livres chinois. 
Paris, 1833, 4 se¢étions. 

* A. vy. Humboldt: Gebirgsketten und Vulkane in Central-Asien, 1844. 

 Ritter’s Erdkunde von Asien. 1837, Bd. 5. p. 347, 389 und 432. 

* D’Anville’s old map had Elchi still 3° more to the cast, in aboul 83° 36/. 


° In his map of the Punjab and adjoining countrics, Calcutta, January, 1854, Waugh adopts Lat. N. 38° 20/, 
Long, FE, Gr. 76° 0’, therein nearly agreeing wilh Klaproth’s map, which gives Lat. N. 38° 19, Long. E. Gr. 76° 13! 
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CONCLUDING GENERAL REMARKS AND RESULTS. 


The general list of our stations is given. in a tabular form, in connection with: 
the magnetic elements, at the end of part II; and they are laid down in four charts, 


containing our routes and the magnetic lines. ; 

1. For India, we were particularly happy to see that our own determinations of 
latitude and longitude agree very well with the exact data furnished by the Great 
Trigonometrical Survey;' also in Western India, where, as far as we know, the 
‘operations of the Great Trigonometrical Survey have but recently been commenced, 
we find that the geographical positions, also the longitudes, as laid down, generally 
coincide with ours. The station Déra Isméel Khan and its environs, however, are 


laid down 9’ too much to the north. 


2. For the Himdlaya® of Kamdon and of Garhvdl, and for the Tibetan province 


of Gniri Khérsum, our observations show, with a few exceptions (as Nélong and 


' See p. 126, 

2 In Bhutan, and in the Himalaya of Sikkim and of Nepal, we determined the geographical positions of various 
places and peaks by triangulation; but the detail of these observations, as well as of similar ones in the western 
part of the Himalaya and of Tibet, will be given in another part of our publications. 

We add a list of the principal original maps: 
A. Bhutan and Sikkim: 
A survey of the road from Buxadewar to Tassisudon, in Bhotan, in Turner’s “Account of an Embassy to the 
Court of the Teshoo Lama, in Tibet”. London, 1800. 
Sketch of Bootan, in Vol. VIL. of the Asiatic Society’s Journal. 
Map of Sikkim, illustrative of Dr. A. Campbell’s ‘Trip into that Country, by Major J.A.Crommelin. Darjeeling, 1849. 
Map of Sikkim and ‘Eastern Népal, by Dr. J. D. Hooker, London, 1853. 
Map of British Sikkim, by Capt. W. 5. Sherwill. Calcutta, 1855. 
B. Kaméon, Garhval, Central Tibet: 
Map of Kamaon and British Garvhal, by the Stracheye. Calcutta, 1850. 
Map of West Nari, to illustrate Capt. H. Strachey’s memoir on the physical geography of Western Tibet. 
London, 1853. 
Indian Atlas. Sheets 47, 65, 66. 
C. Panjab and adjoining Countries: 
Map of the Punjaub and adjoining countries, by Colonel A. S. Waugh. Calcutta, January, 1854. 
Map of the Panjab, Western Himalaya, and adjoining parts of Tibet, by J. Walker. London, 1854. It is 
annexed to “Cunningham’s Ladak”. A second, revised edition appeared in March, 1859. 
Map of the Mountains of Northern India, to illustrate Dy. Thomson's travels in Western Himalaya and Tibet, 
in Dr. Thomson's ‘Western Tibet”. London, 1852. 
D), Original maps of Kashmir: 
Map of Kashmir, the Panjab, &., by J. Arrowsmith, in Hiigel’s “Travels in Kashmir and the Panjab”. 
London, 1B45. 
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Puling), a satisfactory coincidence with former latitudes; but the longitudes we found 
to be more to the west than had hitherto been supposed. The difference, however, does 
not on the average exceed 10’ in the eastern parts of Gnari Khorsum, and 8’ in 
the western. . 

3. The latitudes of Spitt and Ladék, in Western Tibet, are generally given too 
high; but the difference is very small; those of Bédlti differ much more from our own 
determinations, being generally laid down considerably too low, with an error 
exceeding 10’ even at the principal places, as Skardo and Shigar. In addition to 
these corrections, a number of places, not yet contained in any map, have been fixed 
from direct observations by Adolphe along his various routes in 1856. 

The differences of longitude are still greater. The northern part of Western 
Tibet, throughout its vast extent, must, according to our observations, be placed 
22’ to 25’ more to the west; for the south-western margin, the error of the longitude 
is smaller, on an average 18’ to 12’. 

This result at first surprised us; but the G. T. 8, recently extended as far as 
Srindgger, has also found the longitude of the Viler lake to be 22’°5 more to the 
west than was till now generally laid down on maps. 

The progress of the G. T. S. also enables us to profit by our general and detailed 
comparison of chronometers at Srindgger, to connect all our chronometric longitudes 
of Western Tibet direct with those of the G. T. 8. in Kashmir. 

4. The positions to the north of Tibet, in the Kuenlien and in Turkistdn, 
have been hitherto laid down according to various data carefully collected and made 
known by Klaproth. They are chiefly based on Chinese authorities, and on some 
old observations made by missionaries in the 17th century. 

Some few of the latitudes had been determined by altitudes of Polaris; the longitudes 
were referred to Peking. But the accuracy of these positions had always been con- 
sidered doubtful by many geographers. We found, that on the maps even the second- 


ary range of the Kuenlien had hitherto been mistaken for the watershed between 


Map of Kashmir, Laduk, and Little Tibet, from the Surveys of G. T. Vigne. London, 1846. 
Carte de la Vallée de Cachmire, par Victor Jacquemont. “Correspondence avec sa famille pendant ces Voyages 
dans l'Inde.” Paris, 1846. 
4. Maps of Central Asia compiled: 
Klaproth’s, Carte de l’'Asie centrale. 4 sections. Puris, 1833. 
Gebirgsketten und Vulkane in Central Asien, von Alexander y. Humboldt. 1844. 
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Tibet. and Turkistan, whilst the principal chain, that of the Karakorim, had either been 
left ont or considered as of secondary importance only,‘ and we, therefore, could not be 
surprised to find, from our own observations, and, farther to the north, from the combi- 
nation of varieus itineraries, that the longitude is on an average 2° too much to the 


east; the latitude, however, differs very little, being on an average only 9’ too high. 


1 Compare our communications to the Dublin meeting of the British Association, August, 1857, and to the French 
Academy of Science at Paris, October, 1857. 
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SECTION II. 
METHOD OF DETERMINATION OF THE MAGNETIC ELEMENTS. 


I. Decuination. A. Instruments: a. Declinometers; }. Universal Magnetometer ; ¢. Magnetic Needle, in Theodolite 3, 
Troughton; d. Prismatic Compasses; e. Needles for daily variation. B. Method of Calculation, 
Il. Honizonrat Intensity. Method of Observation and Calculation, including the description of the apparatuses 
used. 
JIL Dre axp Venticat Intensity. A. Dip: a. Dip Circles used; b. Comparison of the Dip Needles at Bombay, 
Simla, and Srinagger: ¢. Example. #2. Vertical Intensity. 
IV. Tova Inrensity. 


J. DECLINATION. 


. A. INSTRUMENTS. * 


= 


! Ts true meridian being fixed by one of the methods detailed p. 94, the 
magnetic meridian was determined. 
We used: 
a. Two Declinometers, with two collimator magnets, marked 1 and 2. 
». Universal Magnetometers, by Barrow and Lamont. 
e. The Needle in Theodolite 3, Troughton. 
d. In a few instances, Troughton’s Prismatic Compasses, marked 4 and 6. 


e. Various Cylindrical Needles, for daily variations. 


a. DECLINOMETERS. 


The declinometers we used were those generally adopted in English magnetic 
surveys, the construction of which, as well as that of the other magnetic instruments, 
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is minutely described in “Captain Riddle’s Magnetical Instructions.” London, 1844. 


Our declinometers consisted of: 


1. A wooden box with removable slides, and the ends fitted with glazed apertures. 
The front aperture is half an inch in diameter, the other one inch; the front aperture 


has also a glass slide, which can be inverted. 


2. A glass tube, one third of a foot in length, having a torsion circle at the 


upper end; it was screwed to the top of the box. 
3. Collimators with achromatic lenses and micrometrical glass scales. 


4. Hollow brass cylinder with lens and scale, and a weak magnet attached in 


a position parallel to the axis of the cylinder. 
5. Stirrups carrying a pair of supports, with a pin underneath the centre attached 
to the plummet. 


6. Copper damper in the box, brass plummet, lamp, circular mirror to be at- 


tached to tle wooden box, reel of silk fibre, spare glass tube, &c. -~ “ 


Considerable delay being often caused by the operation of properly adjusting the 
stand of the theodolite with the stand of the declinometer, we had a board made 
with two sets of metallic grooves. This board could be fixed on the top of a 
tripod stand, and in this way the position which the centre of the axis of the 
theodolite ought to have, in Order to lie in the prolongation of the line passing 
through the central glazed apertures of the collimator, was easily found. Bnt the 
board being of considerable size, we found it difficult to carry it about, or even 
to fix it very firmly on the stand; we therefore preferred putting up the two 
instruments separately. As we subsequently found, the most convenient form for 


combining the collimator box with the theodolite was the following: 


A metallic brass ring, resting on a tripedal base, was made. The diameter of the 
ring was about two inches larger than the lower part of the theodolite, i. e. large 
enough to allow of the free movement also of the telescope. It could be placed in the same 
grooves which received the theodolite. The outer part of the ring itself was moveable, 
and could afterwards be clamped. The wooden collimator box could be firmly screwed 
on the outer part, and two weights, placed 120 degrees distant from the box, so as 


not to interfere with the ocular end of the telescope, preserved the equilibrium. The 
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wooden box (mentioned p. 276 sub 1) with all appendages could be made to fit this 
new tripedal basis. 

Before putting up the instrument, we always took the precaution to reduce the 
torsion as much as possible, and indeed, upon determining it with the torsion circle 
attached to the upper end of the glass tube, it was never found to be of any appreci- 
able magnitude. We always attached the brass plummet several hours before the ob- 
servations were commenced, and took particular care never to make any alteration 
afterwards in the position of the support which was to receive the collimator. The silk 
fibre used was previously prepared by a special process, and had its natural glossy 
surface removed; this considerably reduced the torsion of the fibre, but as in this state 
it became liable to get rotten by moisture, we were obliged always to keep a large 
supply on hand. 

When determining the magnetic meridian, the cross wire of the telescope of the 
theodolite was adjusted so as to be bisected by the central line of the division of the 
collimator; but, at the same time, the angular values of the division were carefully 
ascertained for observations of variation. 


These values were found to be: 


For collimator 1 .............. 2 12-65 
For collimator 2............... 5 7-5 


The micrometer was brought into a position as nearly vertical as possible. For 
eliminating its eccentrical position, as well as the difference between the optical and 
magnetic axis of the cylinder, the collimator was inverted in the stirrup; in one po- 
sition the ends of the principal lines were turned downwards, in the other upwards. 
(A mark, made upon the outer surface of the collimator magnet, served to show 
whether the position of the micrometer inside had remained the same.) Even in the 
event of an alteration of position, the difference of the readings would have remained 
unaltered, provided the magnetic and optical axes strictly coincided; this, however, 
not being the case, the determination of the two positions was made in connection 
with every observation. 

Collimator 1 kept the same difference between the two positions very well till 
March, 1856. The difference between one position and the other varied only between 


fe oe : ; a 60 
55 and 57°, (In other collimators its absolute value is often much greater, on account 
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of the difficulty of fixing the scale in the collimator.) At a later date, however, this value 
had changed; in Leh, July, 1856, being 30’-5, and in Kathmandu, March, 1857, 44’.3 

Collimator 2 varied for the two positions between 40’ and 52’, the difference 
being sometimes greater, sometimes smaller. 

The glass in the front aperture of the collimator box must have strictly parallel 
surfaces, otherwise refraction may easily become large enough sensibly to affect the 
results. As the apparatus allows of the inversion of the glass, any irregularity in the 
parallelism of its surfaces can be easily ascertained, for, if the sides are not strictly 
parallel, the resulting values of the possible errors will then have opposite signs. 

The glass in the apparatus belonging to collimator 1 was found to have its sides 
strictly parallel, but in the apparatus belonging to collimator 2, the readings in the 
two different positions differed nearly half a degree. The irregularity in the form of 
the glass being so great, we did not at first suspect it as the cause of the differences 
which were found to exist by the most careful comparisons of Hermann’s and Adolphe'’s 
instruments. It was only at Simla, May, 1856, that we discovered the non-parallelism 
of the two surfaces of the glass to be the real cause of these differences. However, the 
error in all the preceding observations could be corrected with the utmost exactness, 
as, on account of the hitherto unaltered position, the error had remained constantly the 
same. Mr. Kleyser, a watchmaker at Simla, was fortunately able to replace this glass 


by another with nicely parallel surfaces. 


fo UNIVERSAL MAGNETOMETER. 


This instrument was a universal magnetometer, constructed by Barrow under the 
direction of General Sabine, and in its small compass were most ingeniously combined 
all the different parts, required both for the absolute determination of horizontal and 
vertical intensity, as well as for declination” : Its size, however, precluded a minute 
division of the scales, and consequently the possibility of making observations so 
detailed as we could desire. In the earlier part of our travels we used it between 
Bombay and Madras, but afterwards gave it up; in the journey from Calcutta up to 
Simla, April, 1856, it got altogether out of order from the effects of an accident. In 
general, the separate apparatuses for declination, dip, vibration, and deflection, as used 


in the English surveys, proved to be by far the best adapted for accurate determi- 


1 For the detail, sce the maunetic stations, Section ¥. 
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nations of absolute values, and to be, nevertheless, from their size and weight, easy of 
transportation from one place to another. 

Two other universal magnetometers, of the well known construction of Professor 
Lamont, we received through the kindness of that gentleman. These instruments are 
particularly well adapted for showing the differential values of horizontal and vertical 
intensity, besides giving the absolute values of these elements. Unfortunately they 
reached us so late (it was only at Calcutta, just before leaving India) that I (Her- 


mann) could make but a comparative series of observations. 


“. MAGNETIC NEEDLE IN THEODOLITE 3, TROUGHTON. 

Theodolite 3, Troughton, had a magnetic needle with agate plate resting on a steel 
pivot. Though, generally speaking, such needles are not worked carefully enough for 
accurate determinations of declination, yet it is possible to make them very delicate. ~ 
Indeed, Professor Lamont showed me many such instruments, which had been executed 
in the workshop connected with his observatory,’ and brought to great perfection. 

In our theodolite, the repetition circle allowed of the position of the magnetic 
meridian being changed, thus increasing the accuracy of the result, which is then 
deduced from the mean of a greater number of réadings. Nevertheless, we generally 


used the instrument only for comparison with the collimator. 


d. PRISMATIC COMPASSES. 

Of these instruments we selected prismatig¢- compass No. 4, by Troughton und 
Simms, for some determinations of declination: along Robert's routes in Sindh, who 
at that time had no collimator with him. The readings, when directed to various 
points, the angular distances of which were ascertained with theodolite 1, Troughton, 
could easily be taken with a correctness of three to five minutes. The fundamental 
error of the compass, determined at Woolwich before our departure for India, and 
again determined several times during our journeys, was + 2’ (Hast). The readings 
wre given already corrected. 

Prismatic compass No. 6, by Troughton, though not used for the determination 
of the declination, has also frequently been compared by Hermann with the collimator, 


Its fundamental error was — 1’ (West). 


' Professor Lamont prefers making the top of glass and the pin of copper; but in travelling, ping of this can- 


struction are very linble to get their points injured. 
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Ne. CYLINDRICAL NEEDLES FOR DAILY VARIATIONS. 


For a longer series of observations of the daily variation of the declination we 
used the cylindrical magnets with mirrors attached, which were also employed in the 
observations of deflection. The angular values of the scales attached to the apparatus 
were directly measured, by fixing the box on the centre of a divided horizontal circle, 
as, for instance, the lower circle of a theodolite. 

We mention particularly the observations at Leh and Peshaur as series of 
such determinations. For several short series, the scales in the collimators were 


observed directly. 


B. METHOD OF CALCULATION. 


The angle between the true and magnetic meridian being the direct result of the 
readings (after the inversion of the collimators) no example is required. As one in- 
stance of the comparison of different methods, we quote station No. 4, Gohatti. The 
limits of the accuracy of absolute determination are from one to three minutes, on 
account of the errors contained in,the true and magnetic meridian. 

When deducing the general results for the construction of the isogonic lines, the 
question of the reduction of these observations to one common epoch presented 
itself. But from the tables for Bombay (pp. 302 to 311) it will be easily seen, that the 
changes are comparatively so small, that no reduction is required, if we adopt as 
a common epoch one favourable to- all our observations, as for instance, January, 
1856,—a period not too distant from the majority of our observations. Also the last 
excellent chart of Captain Evans', for 1858, shows for the western parts of the coast 
of India an annual change in the variation of + 0':6 only, and, on the other hand, 


a decrease of it on the eastern coast.? 


Chart of the Curves of equal magnetic variation, by Frederick J. Evans.—The first map of isogonic lines was 
made by Halley, alter whom these lines were for some time called Halleyan lines. See Sabine’s Explanation aboul 
terrestrial magnetism in Johnston’s Physical Atlas. 

2 In southern Europe the annual change in many places excceds 6’. Some instances of early previous obser- 


yation on the coasts of India will be given at the end of this part. 
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Il. HORIZONTAL INTENSITY. 


METHOD OF OBSERVATION AND CALCULATION, 


INCLUDING THF DESCRIPTION OF THE APPARATUSES USED. 


The Horizontal Intensity is determined in absolute values by a series of experiments 
on vibration, combined with another on deflection. 
By the vibration we obtain: 
m & == The product of the horizontal intensity into the magnetic moment of the 
suspended magnet. 
By the deflection: 


$ == The ratio of the magnetic moment of the deflecting magnet to the horizontal 


intensity. 
By the combination of the two results the values m and X are obtained separately. ' 
For the calculation of the value of the horizontal component of the earth’s magnetic 
force from observations of vibration and deflection, we employ, in exact accordance 
with the terms used by General Sabine, and now most generally adopted, the following 


terms and formule:.? 


ZT, = Observed time of one vibration of the magnet. 
T, = Time of vibration, corrected for rate of chronometer and arc of vibration. 
T = Time of vibration, corrected for rate of chronometer, arc of vibration, tem- 


perature, torsion force of the suspending thread, and induction. 
s == Daily rate of the chronometer, 4-+- when gaining, — when losing. 
a,a' = Semiarcs of vibration, at the beginning and end of the observation, expressed 
in parts of radius. 


= Ratio of the force of torsion of the suspending thread to the magnetic direc- 


tive force. 
q = The correction for the decrease of the magnetic moment of the magnet pro- 


duced by an increase of temperature of 1° Fahy. 


' Formerly the time of vibration, where the inclination is 0, was taken as the relative unit. (Humboldt’s obser- 
vations are referred to this.) 
* Phese were communicated to us from the Kew Observatory. At the same time we were favoured by receiving 
some very conveniently arranged blank sheets for entering observations and calculating them, which very much 
lucilitated the working out of our materials, , 


1, 36 
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K = Moment of inertia of the magnet, including its suspending stirrup and other 
appendages. 

rt = Ratio of the circumference to the diameter of the circle = 3:1415927... 

» = The increase in the magnetic moment of the magnet, produced by the inducing 


action of a magnetic force equal to the unity of the English system of 
absolute measurement. : 
r, = Apparent distance between the centres of the deflecting and suspended magnets 


in the observations of deflection. 


r = Distance corrected for error of graduation and temperature. 
uy = Observed angle of deflection. 
P = A constant depending upon the distribution of magnetism in the deflecting 


and suspended magnet. 


m == Magnetic moment of the deflecting or vibrating magnet. 
X = Horizontal component of the earth’s magnetic force. 
Mo 


= ee value of = 


™ = Value of ~ % before the application of the correction (: 5 F 
0 


Formule for cate mX: 


aa 
fi i= Tee Seog 1a : 
X 
mam \i+% = 4(to— 1) + woe. 
2 
maxX = ae 


Formule for calculating = 


m a 

x, = Yar sin ut. 

ect 

eaefi+es s+ 1o—1) 


m nm P 
aes) 
In reference to our observations of Intensity in general, and particularly to the 
instruments employed, we add the following details: 
T, (= observed time of one vibration of the magnet). The time was noted at the 


precise moment when the point of the scale most distant from the centre 
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touched the cross in the telescope. The passing of the central line would 
be more rapid, and therefore better defined, but it is on this very account 
more indistinctly seen; therefore the double observations of the two terminal 
points seemed to us to be preferable. On an average, several hundred 
vibrations have been observed; their number is given under each station. 
s (= the flaily rate of chronometer). Generally, we used our Pocket Chronometers ; 
, their rate was carefully ascertained by comparison with our standard chrono- 
_meters (see p. 342). , 
a,a, were deduced from original readings on a circular scale, divided into minutes, 
and attached above the telescope. 
a3 
90° — u 
which the magnet is deflected by a twist of 90° in the suspending thread. 
As has been already mentioned in the observations of declination, p. 277, 
our silk threads had but very little torsion. 


A #. 
7 is obtained from the formula rT , Where wv = the angle through 


q (= the correction of the magnet for temperature) was most minutely determined 
at Kew by the late Mr. Welsh, after our return from India, for magnets D1 
and D2, both of which belonged to Hermann’s magnetic apparatus. This 
correction is not constant at all temperatures, and the correction is more 
exactly expressed by a formula of the form: 

Correction to ¢ = q¢ (tp —f) + (to —1t)? &e., ty being the observed temperature, 
and ¢ the standard temperature adopted. 

We adopt as standard temperature 80° Fahr. = 26°-7 C., on account of the average 
difference from the temperature observed not being very great. Captain Elliot has also 
adopted 80° Fahr. as his standard temperature. 

At Kew the correction q was found 


for L1 = 0-000195 (t) — 80) + 0-00000055 (ft) — 80)? 
for D2 = 0-000222 (ty — 80) + 0-00000000 (t, — 80)?. 


The second term is also for L1 so small that, in calculating the results, we found 
it could be omitted. 


For Adolphe’s magnet B7, which was lost, we adopt-(= the mean of the value of 
q for L1 and D2) q = 0:00021. 


Under these unhappy circumstances we had no choice of doing otherwise; besides, 


36% 
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his magnet was of the same size and material as those of Hermann, and made by 
the same maker (Jones). Under such conditions g seems in general to vary but very 
slightly. 

4K (= moment of inertia). Though constant for the same magnet and its appen- 
dages, and varying but slightly with the temperature on account of expansion, its 


value has been very frequently determined for L1. 


We obtain for the different stations the following values of log K,, K, being the 


value directly obtained by each observation. 










Station. 





Station. 






Value of log K,. Value of log K,. 

















No. of Station. No. of Station. Name. 

Dibrugarh 0-43858 40 | Bellari 0.43293 

Tézpur 0-43937 43 Galle 0-44230 
3 Udelgari 0.44182 44 Narigin 0-44465 | 
4 Gohatti 0-43743 458 Darjiling . 0-41201 
5 Cherra Pinji 0-41970 45? Darjiling 0-45022 
9° Calcutta 0-43552 47 Tonglo 0-46400 
gb Calcutta 0-43334 48 Falat 0-44549 
10 Rampur Bélea 0-43830 49 Kathmandu 0-43854 
1 Kissenganj 0-44293 63 | Mozaferabad 0-43868 
12 Patna 0-43720 76 Tsomognalari 0-44591 
14 Benares 0-43415 78° Leh 0-42926 
15 Lakhnau 0-43471 - 78° Leh 0-43382 
20 Lahor 0-43696 82° Kargil 0-43603 
21 Raulpindi 0-43821 82° Kargil 0-43970 











ie 


Numerical mean value = K = 2+7429, of which the logarithm is 0°43821. The 
station Bellari, No. 40, is excluded from this mean. 

For the calculation of these values a large ring' was employed, with the excep- 
tion of Kargil, when two rings were used; 82° gives the value of log K, with the large 
ring, and 82° with a smaller one. The detail of the determinations of log K, is given 


respectively at each station. 


. P a e 
' When a cylinder is employed, the value of K is obtained from the formula: K = w(5 F <) pee? 
> f P bs at 
where W is the weight of the cylinder in grains, 7 and @ its length and diameter expressed in feet; t/ and ¢ being 
the times of vibration (corrected for torsion, temperature &c.) of the magnet with and without the additional weight. 
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When rings are employed 
ret re i 
ed w (i=) ae 


y, and , being the external and internal radii of the ring. 


The dimensions of the inertia rings, large ring and small ring belonging to Her- 


mann’s unifilar magnetometer were found, when determined in November, 1858, at the 


Kew Observatory :* 
Large Ring. Small Ring. 


External diameter)... he 3-4860 2-6978 t 62° Fah 
i f al ahr 
Internal diameter aaa 2.7984 1-9772 
Weight in grains 925-64 738-42 


The rings employed with B7 by Adolphe were lost with his instruments, and 
the maker, Mr. Jones, was unfortunately unable to supply us with the detail of their 
dimensions, but happily we had made, at Srindgger, a very detailed series of compara- 
tive vibrations of Z1 and B7, employing both Hermann’s and Adolphe’s rings. The 
result was for B7: log K = 0:26891, which we adopt as the mean log K for all his 
observations. . 

Robert’s determinations of the magnetic elements, along his route from Raulpindi 
to Bombay, were made with an apparatus which did not allow of the same detail ax 
the two others. He used the larger magnet of Barrow’s Universal Magnetometer, the 


dimensions of which were: 


External diameter ......... 0-298 inches 
Internal diameter ......... 0-166, 
Gength)s.. 2.00 be see a sos 3-672 ,, 
Weight.............04. 329-97 grains. 


A comparison of Barrow’s magnet with the other magnets, at Raulpindi, December, 
1856, gave for Barrow’s magnet: 


q = 0-00022; p = 0-00017 
m = 0-42600; log K = 0-45945. 


These are the values used for calculating Robert’s observations. 


1 The dimensions of the inertia rings as given by the maker, in 1854, were: 

Jarge Ring. Small Ring. 
3°480 2-693 
0-345 0° 362 
2 738°46 


External diameter 
Width 
Weight {in grains) 22.0.0... 925° 


in inches 


a’ 
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For deducing approximatively the total intensity, we were favoured in this 
region by a very regular variation of the isoclinal lines. In the only two stations 
for which the magnet Barrow was employed, viz. at Shikarpur and Bhij, we took 
the dip from our map, and then calculated the total intensity by the formula 


generally used. 


p (= the inducing influence of the earth on the magnets employed) was deter- 


mined at Kew: 
for L1 = 0-000170 
for D2 = 0-000173; 
we adopt: 
for B7 = 0-00017. 


y (= the distance of the magnets when placed on the deflection bar). It is corrected 
for graduation and temperature; 7, being the apparent distance and the temperatures 
given in Fahrenheit, we get: 

® = $1 + 0-00001 (t, — 62) § + correction for error of scale. 

Each deflecting apparatus had a deflection bar, originally of brass, to receive the 
deflecting magnet at 1 foot’ and 1:3 foot distance. During a part of the experiments 
by Hermann, the second position was 1 foot 4 inches = 1°33 foot, as specified in 
the detail of the elements of each observation. 

With the deflection apparatus No. 1 the following bars were used (by Hermann): 

1. The original brass bar by Barrow, “H,”. This was stolen by a kili on the way 
up to Darjiling. The man had brought its empty cylindrical case, and the theft was 
only discovered after he had made his escape. 

I (Hermann) replaced it by a bar of strong, well seasoned wood, which I received 
through the kindness of Captain Murray, the Engineer of the station. I divided it with 
a valuable standard foot scale, by Hofer at Berlin, into 1 foot and 1 foot 4 inches. My 
wooden bar “ H,” consisted of two pieces' (the proper position of which was secured by the 
apparatus itself), which I considered the best plan for preventing any change of form by 
the packing. The bar was subjected to frequent examinations, and was always found to 
have remained unaltered. It required no correction for temperature, but a comparison 


with the Calcutta standard foot, in the Surveyor’s General’s office, showed an error of 


' For convenience of carriage, and eyen for giving additional strength, the brass bar might also be made with a 
hinge in the middle, so as to fold up. 
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+ 0':005 for the unit of 1 foot (a deviation, however, of no importance), and no 
appreciable error for the unit of 1 foot 4 inches. A new brass scale “H,” was made 
in Caleutta, and was in use from March, 1856, till the end of the Survey. 

The deflection apparatus No. 2 was always used by Adolphe, with the original 
brass bar, the distances employed being 1 foot and 1:3 foot. 

In the deflection apparatus No. 1, the supports for fixing the bar were placed at 
not perfectly equal distances from the centre, an error, which, as afterwards found, 
made the bar to be 0:012 foot too far to the right, viz. too far to the east, when 
looking north, and to the west, when looking south. The difference was only ascer- 
tained, when, after our return, all our apparatuses underwent a strict examination. 
For the observations themselves, this error in the construction of the instrument is of 
no ‘consequence, as any such error is eliminated by the method of observation, in 
which the positive and negative errors of the readings (an equal number of observa- 
tions being taken an each side) balance each other. 

P (=the constant depending on the relative distribution of magnetism) is to be 
determined from several series of observations of deflection at two or more distances. 

Notwithstanding that this correction is very small, we have taken care repeatedly 


to ascertain the deflections in two different positions. We obtain P from the formula: 


A— A’ 
Pa ae 
gt lt 
am 
where A = the value of x from deflection at the distance r, and A’ = the saine 


value for the distance +’. 
For the comparatively few stations where the deflection was made in one series 
only of positions of the deflecting magnet (at the distance of 1 foot), the value of 


X 





an 
oa required for calculating the value p in the formula for the vibration, was con- 


0 Mo 
sidered as not differing in the first three decimals from the value which would have 


been obtained, if the distance 1:3 foot had also been taken. This supposition is 
generally in accordance with the results of all the stations, where two positions had 
been observed. 

m (= the magnetic moment) had changed, comparatively speaking, very little. 


The circumstance that the magnets were always placed in the box with the greatest 
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possible care, and that they had been already made some time before our using them, 
may be the principal causes of this element remaining so constant. 

For the observations in Turkistan we adopt m = 0°4374, which is the mean of 
the values obtained at Leh, where it only varied between 0°4393, in July, and 0- 4355, 
in September, 1856. 

For some other places where either vibration or deflection alone could be made, 
the value of m, as detailed in each single case, was taken from the two next obser- 
vations of the magnet. We calculate m to three, X to four decimals, the logarithmic 


values being equally correct in both cases.' 


REMARKS ON THE APPARATUSES. 


Both our vibration apparatuses’ were made by Jones, London, and_had_ a. cir- 
cular scale above the telescope for reading off the observations of ‘variation in minutes. 
Our two deflection apparatuses were also by the same maker." 

The two magnets, the suspended and the deflecting one, were always placed at 
right angles to one another (as first proposed by Lamont), and the angles of deflection 
were measured on a horizontal circle, which read 20” with the vernier. 

The deflecting apparatus No. 1 was used by Hermann, No. 2 by Adolphe and 
Robert, and both had a circular ivory scale over the telescope, which we used in our 
observations of variation. A contrivance, by which the telescopes in the vibration 
and deflection apparatuses are allowed an upward and downward movement, greatly 
facilitates the adjustment of the suspended magnets. We adopted this improvement 
from one of Lamont’s Universal Magnetometers. We had no bifilar instruments 
with us. , 

The resulting horizontal intensity would, strictly speaking, require simaultancous 
observations of deflection and vibration. But the daily variations being very small, and 
moreover, it being impossible to avoid small errors, arising partly trom the imper- 


fection of the instruments themselves, partly from natural causes (such as influence of 


3 at : aie 3 ras 
1 The small differences of Xx when calcwated fur the different distances show fur the magnets, as well ag lor 
the apparatus, a very minute accuracy. 


? For details see: Riddle, pp. 63, 66. 
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the soil, &c.), we have applied no correction for reducing the observations of vibration 
and deflection to the same tine. 

The horizontal, as well as the vertical and total intensity, was calculated from the 
results immediately obtained, without taking into consideration the difference of the 
time of observation. Also in our general map, including a smaller map of the territories 
examined by Captain Elliot, no corrections for the different periods of time are applied, 
chiefly on account of the annual variations being very small, and partly because they 
have not yet been defined with sufficient accuracy. 

We give, as example, a set of observations of horizontal intensity made at Calcutta 
in 1857, and the calculations connected with them. As explained above, p. 284, we 


introduce for K its mean value, the logarithm of which is 0°43821. 
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EXAMPLE. 
No. 9". Cauourra, Lat. N. 22° 33’ 1”. 
A. Observations of Deflection. 


1857, April 12, 5" p.m. Local Time. 


Magnets employed: Deflecting L1; Deflected H21; Deflection Bar H3. Distances 1 foot; 1-3 foot. 
Temp. at 1 foot distance: 32°-0 C. = 89°-6T'ahr.; at 1-3 foot distance: 31-6 C. = 88°-9 Fahr. 






















































o i “a 
a— b= 12 13 16; tw 
a —U= 5 34 25; vy 


oO 
= 6 


= 2 47 12-5 at 1-3 foot distance. 


’ 


“ 


6 38 at 1 foot distance 






Distance. North End. Reading of Verniers. Mean of Verniers. Means. 
~~ 
8 ° ‘ “ ° , 
= East 41 5] 41. 
2 
3 
= West oe 29 44 37-5 
e * 209 44 15 - 
g East B 41 58 17-5 29 44 37- 
<3) 
8 29 38 40 
& West 29 38 50 
a 209 39 0 
~~ | 7 
3 East ae necee 38 36 10 
= 218 36 0 
3 
oO 
20 West ne 
= | 213° 1 «5 
2 34 5 
a East Oe eee 
al 218 34 30 
2 
& 
>” West eee le 0 
a 213 2 0 
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HORIZONTAL INTENSITY. 
Long. East Green.: 88° 20° 34”. Height: 5 feet above the Hugli at mean height. 
B. Observations of Vibration. 
‘1857, April 12, 3" 10™ v.m. Local Time. 


Magnet vibrated: L1. ¢ = 0-00022, p = 0-00017. Effect of Torsion: 9‘ (at 0° = 273, at 90° = 282). 
Arcs, beginning: 85 to 461, ending: 200 to 346. Semiarcs: 188 and 73. Temp. of Magnet: 
33°-0 C. = 92°-4 Fahr. 


































































[ No. of Time by Chron. 3 No. of Time by Chron. 3. 
Vibrations. t= da = 084, Piero: Vibrations. t= ee = 084. penne 

hom os “" he. en i 28-0 
0 23040—11t =35-6 98.2 24125— 3¢ =23.8 98.4 
10 31 5— 3¢ = 3-8 28.4 4155— 7t =52-2 98.2 
20 3135— 7t =32-2 28-0 42 25—114/,f= 20-4). 28-0 
30 32 5—12t = 0-2 28-4 42 50— 4t =48.4 98-0 
40 32 30— 31/4,1=28-6 98.2 43 20— 9t =16-4 28-2 
50 32 60— 8t =56-8 28-0 43 50—131/,,t=44-6 28-4 
60 33 30—13t =24-8 28-2 4415— 5t =13-0 28.4 

70 33 55— 5t =53-0 98-4 4445— 9 =41-4 

80 34 25— 9 =21-4 28-9 Cale. 2 54 5-8 

90 34 55—131/,t=49-6 98-2 Obs. 2 54 10— 9'44t= 6-2 28.9 
100 35 20— 54/,t=17-8 5440—14¢4 =34-4 28-0 
200 Cale. 240 0 55 5— 6, t= 2-4 28-4 
200 Obs. 239 GO— 24 =59-2 55 35—101/,t=30-8 28.2 
210 40 30— 6 =27-6 56 5—15t =59-0 28-0 

40 60—101'/,t=55-8 56 30— 714,t=27-0 




















One Single Vibration: 


hom 8 


2 56 27-0 
2 30 35-6 
25 51-4 = 1551*-4 = 28-820 








550 vibr. 


37* 
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CALCULATION. 


HorizontaL INTENSITY. 


A. Deftection. 




















m : a om 2 me av P 
ag ade SiN tp; y=x, a +o) 4 ; x =#('-F) 
1% == 1 foot. Temp. 89°-6 Fahr. aw = 6° 6-6 my = 1-3 foot. Temp. 88°-9 Fahy. w’4 = 2°47'.2 
ty = 89°-6 Pahr. to= 88°-9 Fahy. 
62°-0 t = 80°-0 62°-0 t = 80°-0 
y= 1-000: ios eee AN, goa Te ‘ ee Ne NS 39 
r= 1.00028 5>55 eo v= 130028 seep pep 
ary log = 9-69933 yo? log = 0-04109 
sinty log = 9-02710 sinw log == 8-68679 
2 4 9 cs = 2 0 
1 +- a = 1.00034 os log = 8-72643 1+ a = 1.00015 xo log = 8-72788 
++(ty —f) ¢=0-00192 + (to —t) ¢=0-00178 
142% + (tt) g= 1-026 . .. log = 0-00099 1+, (tp—t)7=1-00193 ... log = 0-00084 
0 a eee oO 
pot , 
log (A) = x log = 8-72742 log (A’) = % log = 8-72872 
A= 0-053385 | log A = 8-72742 log A’ = 8.72872 | log (A—.t') = 6-2014 
‘= -05 2 — (Q. p y'2 = Q. —A’ 
: 4 : oe log 7 0-00024 log - 0.22808 lee (= a)= 8.3361 
Aes Bee Ae = << 
log a 8-72718 log a. 8-50064 log P — 7.8653, 
e4 t = Get Zi f 
De Meee a a = 0-05335 = = 0-03167 
A A’ 3a Ad’ ate 
4. — Fee 9-02168 log (= —Zq) = 8-3361 
NOB ee SO OG p= eee 1—F = 1.00733 1 — 4 = 1.00834 
log 19? 0-0000, logs,?= 0-2279 vo Wo 
log = 0-00317 0.00188 
log ze = 7-8653, log 5 = 7-6374, ae 
om e log Fe = 8-72742 3.72871 
log “= 8.73059 8-73059 


x 
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B. Vibration. 


ie 3 ao’) we pel Ht _ Shoe Xo}. xauk 
T= Ty l= sae gk el ee q (to bbe aes m 72 


Ty=2'-820. Chron. Rate = 0*- 17 los. Tors.9’. fs = 92-4; £=80-0; fy —f=12°-4 Fahr. Semiares: 188; 73. 








T. = 0-45031! 2K \og = 1-43251 
142 = 1.00167 0 log B ie t 
i s aa’ 72 log = 0-90153 
ioe = 4 log == 9-99999 : PEON GS 
— 4(to—t) =—0-00272 86400 16 Sr a es mK ie: = can 
i T, log = 0-45030: ye 
:32 = 0-00319 : x 2| fe 
| ° 7’? log = 0-90060) x ee 
14 Fae ps2 = M002 Way leaces log = 0-00093 X? log = 1-80039 
° T? log = 0-90153' X log = 0-90019 
m log = 9-63079 
m = 0-4274 X = 7-947 
m B a 
If a A, and m X = B, then X = z and m = VAL. 
x 7-947 
Total ity. . = ———_ = —_____-. X log = 0:-90019 
Rotel Tpeneity cos dip cos 28° 22'.94’ 8 


cos dip log = 9-94438 


Vertical Intensity = /Z?— X*= /(9-033)*—(7-947)?; — 0-93581. 


Total Intensitiy log 
Vertical Intensity = V = 4-294 
Total Intensity = 7 = 9-033 


III. DIP AND VERTICAL INTENSITY. 
4A, DIP. 


a. DIP CIRCLES USED. 

Qur two dip circles were made by Barrow in the form described in Riddle, p. 84; 
but we had two additional holes made ('/ inch in diameter) in the horizontal brass 
supports; the position of the holes was such as to allow the lower end of the dip 
needle to be visible at low angles of inclination. Another slight modification we 
made by using ground glass, instead of transparent, in the side opposite to the vertical 
circle and its microscopes. This glass had a semi-transparent ring, of about the 
diameter of the length of the needles, which allowed of the outlines of the needles 
being seen with much greater distinctness, since the observations are not interfered 


with by the objects and the light behind the instrument. 
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The detailed example given below' will suffice without further explanation to 
show our method of observing. 

In the regions where the dip is very small and the vertical intensity very weak, 
it sometimes becomes very difficult to determine the magnetic meridian by the process 
of finding the positions at right angles to it, where the needle stands vertically. A 
tangent screw on the horizontal circle, which was wanting in our instrument, would 
have considerably facilitated this operation. We afterwards had one put on. 

In comparing different needles even with the same dip circle, the results are not 
absolutely the same, for every needle has an individual correction, partly occasioned 
by defects in the metal, partly by the irregularities of its axles. The dip circle itself 
also might not be entirely free from all admixture of magnetic metal. We, however, 
examined our instruments, and found them to be perfectly free (as far as controlable) 
from all alloy, by the following experiment: The dip circle, without the magnet, was 
placed a little to the side of one end of a vibration magnet upon a board, where it 
could be turned completely round; the presence of magnetism in the instrument, even 
in the slightest degree, would have immediately been detected by a. deflection of the 
magnet suspended. 

The errors of our needles were determined by three comparisons, at Bombay, at 
Simla, and at Srindgger. Besides the four needles mentioned here, there were two 


spare needles, which, however, we had no occasion to use. 


! Observations can also be made in different azimuths. If 1 == the observed inclination of the needle, 3 the 
inclination sought. 2 the azimuth of the vertical circle, 
tan 3 = tan n cosa. 
Also the inclination observed in any two planes at right angles to each other will allow of the true inclination 
being deduced without the knowledge of the angle a, according lo the formula: 


cotan?s = cotan?y |- colan? 1’ 
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b. COMPARISON OF THE DIP NEEDLES. 


1. Bompay, December 1, 1854, 2" to 6" p.n1. Local Time. 


In a tent on alluvial soil, on the esplanade, 2'/, miles to the north of the Magnetic 


Observatory. 


NEEDLE No. 1. 


Poles direct. Poles reversed. 


NEEDLE No. 2. 


Poles direct. Poles reversed. 

















¢ End B= WN. Ind A= N. End A=N. End B= N. 
2 East 18° 28'-4 18° 40’-5 18° 35’-0 18° 21’-0 
West 18° 32’.1 18° 48’-5 18° 39-0 18° 40'-0 
4 West 18° 29'-0 18° 47'-5 18° 45'-0 18° 35’-0 
o 
5 East 18° 21'.5 18° 47’-0 19° Q'-0 18° 47'-0 
3 Mean Mean 8 Mean « Mean § 
18° 27’. 75 18° 45'.87 18° 44'-75 18° 35'-75 
TP _ igo 36'.81 a4 P 18° 40'-25 
NEEDLE No. 3. NEEDLE No. 4. 
Poles direct. Poles reversed. Poles direct. Poles reversed. 
3 Ind A= N. End B= WN. End A= N. End B= N. 
x East 19° 21'-5 17° 35'-5 18° 50’-5 "18° 8'-4 
West 19° 30'-5 17° 54/-4 18° 52’-0 18° 39’-3 
$ West 19° 4'-0 17° 49’-0 18° 46’-0 18° 36'-6 
K East 19° 34/.4 * 18° 13-2 18° 57'-5 18° 42’.5 
2 Mean a Mean 8 Mean a Mean 8 
19° 22'-60 17° 53’-03 18° 51'-5 18° 31’-7 


aoe =: 18° 37-82 


a+8 = 18° 41'-6 





2 


On the trap rocks near Breach Candy, where we lived with Mr. Ventz, in Sans-souci 


bangalo, the dip was found to be on an average 15’ to 30’ less; probably on account 


of the local magnetism of the rocks, their north poles being turned upwards. But on the 


instrument being raised 8 or 10 feet above the ground no disturbance could be observed. 


In general, local disturbances must be expected to have the greatest influence where, 


as in Southern India, the value of the vertical force is very small.! 


' Compare our remarks on the magnetic equator (at the end of this part) and the results obtained in its environs 


hy Mr. J. A. Broun. 
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2. Simna, 1856, May 15, 3" to 5" e.m. Local Time. 


In the garden belonging to Aln Cottage, a house in the station. 


Our regular observations were made in General Boileau’s former magnetic observa- 


tory, at some distance from the station; we preferred making the comparison of the 


needles at not too great a distance from our house. 


NEEDLE No. 1. 


Poles direct. 


Poles reversed. 


NEEDLE No. 2. 


Poles direct. Poles reversed. 











End A= N. End B= N. End B= WN. End A= N. 
g Fast 42° 36’-3 42° 33'-6 42° 9.4 42° 41/1 
fu West 42° 38’-0 42° 15'-5 42° 51'-3 42° 15'-5 
3 West 42° 35-0 42° 0-5 42° 39'-0 42° 13'.5 
5 East 42° 27-5 42° 29'.4 42° 34/0 42° 23.4 
= Mean a Mean 8 Mean a Mean 2 
42° 34’.2 42° 18’-0 42° 33'.42 42° 23'.34 
2TP _ 49° 26'.10 STP _ 49° 29'.38 
NEEDLE No. 3. NEEDLE No. 4. 
Poles direct. Poles reversed. Poles direct. ; Poles reversed. 
: End A= WN. End B= N. Ind B=N. End A= UN. 
uv 
| East 43° 36’.2 41° 40'-5 42° 55'-5 42° 30'-5 
West 43° 14'-5 41° 46’-0 42° 32'.4 42° 21'-5 
. West 43° 12'-5 41° 24'.5 42° 44'.4 42° 12'.5 
2 | Kast 43° 0/-8 41° 477-4 44° 14-1 42° 31/0 
o 
8 Mean a Mean 8 Mean « | Mean § 
7 43° 167-0 41° 39'.6 42° 51-6 | 42° 23.84 


2 5 BL 490 97". x0 





AFB gye 37.72 
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3. Spimdccrn, 1856, October 23, 2' to 3" 50™ p.m. Local Time. 


In the garden “Shékh-bagh * under trees; where also our other magnetic observations 
have been made. 


NEEDLE No. 1. 












Poles direct. Poles reversed. 
ee End B = N. End A = N. 
2 46° 29'-5 47° 10'-0 
46° 52'-5 47° 0'-5 
46° 51'-5 46° 44'.5 
3 46° 38'.5 46° 43'.4 
p 
Mean a Mean 8 
. 46° 43’-0 46° 54’-6 
A+B _ 460 49/9 
2 
NEEDLE No. 3. 
Poles direct. Poles reversed. 
End 4d = N. End B= N. 
g 47° 41'-4 46° 27'-1 
fe 47° 34!.8 46° 8-6 








47° 29'-1 46° 7-3 
y 47° 45'-5 46° 24'.3 
5 Mean a Mean p 

47° 37'-7 46° 16-83 


2 tf = 46° 57.27 





NEEDLE No. 2. 





Poles direct. Poles reversed. 
End B= N. End A = N. 
46° 48'.4 46° 28'.4 
46° 55’-0 46° 56’-1 
46° 52'-7 47° 1-9 
46° 43'.3 47° 2'.3 
Mean a Mean £6 
46° 49'.85 46° 52’.18 


ate = 46° 51'.02 


NEEDLE No. 4. 





Poles direct. Poles reversed. 

End A= N. End B= N. 
46° 40’-1 46° 52'.3 
46° 45'-4 46° 45'.3 
46° 39'-3 46° 16'-4 
46° 41'.9 47° 11'-4 
Mean a Mean 
46° 41'-67 46° 46’-35 


are = 46° 44.01 
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MEAN CORRECTION OF THE DIP NEEDLES. 


Bombay. Simla. Srindgger. 
°o ‘ °o a ° i 
Dip: 18 40-42 42 30-00 46 50-28 d 
No. 1 + 3-61 + 3-90 -+ 1-48 = + 2.99 
= No.2. 4- 0-17 ++ 1-62 -b 0-74 24 0-35 
2 No. 3. — 2-60 + 2-20 — 6-99 So — 2-46 
No. 4 — 1-18 — 7-72 + 6-27 J — 0-88 


The values of the last column will be found applied to the final results. The 
needle No. 2 seemed to be decidedly the best, the correction being small and varying 
very little. A correction for temperature is not necessary ; but it seemed important 
that the needles should not get weak, by remaining too long without being re-mag- 
netised. We generally magnetised them afresh at every station. 

In reference to the comparison of the different stations, no correction for reducing 
them to a common period was applied, the changes in so short a time being below 
the limit of accuracy obtained by absolute determinations.’ 


We conclude by giving a detailed example of our mode of observing the dip. 


EXAMPLE. 


No. 78”. Dre ar Lex, mw Lapdx, 1856, September 28, 10" s.m. Local Time. 
Needle No. 2. Dip Apparatus: Hermann. 


A. Orientation of the Needle. 








Face of Needle to lace of Instrument. ; lace of Needle reversed. 
Upper Microscope | Lower Microscope Upper Microscope | Lower Microscope 
‘ at 90°. at 90°. at 90°. at 90°. 
5 te 5 24° 32° | 24° 16' 22° 16’ 22° 58’ 
Ba Z 24° Id! | 24° 50' 23° 11' 24° 3! 
2 |3 | , 


General Mean: 23° 47'-5. 


The horizontal circle of the dip apparatus being divided into quarter circles of 90° each, the 


same number, 90° distant from its first position, gives the direction of the magnetic meridian. 


1 Captain Elliot (Philosophical Transactions, 1851, p. 317), found at Singaptir, from 1841 to 1848, a decrease of 
2'-3 per annum, at Madras, froin 1840 to 1849, an increase of 2'-7 per annum. The Bomhay observations give, hetween 
1854 and 1856, an incrense of 19’, from 1856 to 1857, a decrease of 54 
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B. Readings of the Dip. 
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Position 








i 
Poles direct. | Poles reversed. 






































































































38 * 


of the 
North End = A. | North End = B. 
Instru- 7 oe 2 ce 
ment. 
Readings of Needle No. 2. | Readings of Needle No. 2. 
Upper End. | Lower End. Means. Upper End. | Lower End, Means. 
J 
» fo] ‘ ° ’ | ° t o t Q ‘ oO ‘ . 
os 4 46 37 46 58 46 47-5 | 46 43 47 9 46 56-0 
a 
z 5 <3 46 37 46 58 46 47-5 | 46 42 47 10 46 56-0 
a8 46 5 4647-5 || 46 41 47° 8 46 54-5 
ee 46 40 47 7 46 53-5 
po 
a oak Mean = b. . 46 55-0 
m | 46 58 46 55 46 56-5 
8 | 46 57 46.53 | 46 55-0 
3 47 0 46 55 46 57-5 
= 
Mean = a’. . 46 44-87 . . 46 56-33 
46 28-5 | 46 47-75 
46 28-0 | 46 47.25 
® 46 25-5 | 46 45-25 
| 
6d 
AB aw ” mr 
we F Mean =a” .. Mean = b” . . 46 46-75 
o 
% 2 46 26 46 44 46 35- 47 15-0 47 0-5 47 7-75 
se ia 46 25 46 45 46 35. 47 14-5 47 1-0 47 7-75 
wn 
a 46 30 46 50 46 40- 47 15-0 47 1-5 47 8-25 
7 uw 
Mean = a’. . 46 36-67 | Mean = bb!” . . 47 7-92 
a’ .. 46 51-0 b” . . 46 46-75 
a’... 46 44-87 - d' .. 46 56-33 
a .. 46 47-50 b .. 46 55-00 
Mean of Means = a .. 46 45-02 | Mean of Means =68.. 46 56-51 
a.. 46 45-02 
——) 
°o f 
are =Dip..... 46 50-77 
Correction of Needle 2... + 0 0:35 
Dip corrected... ... 46 51-12 
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B. VERTICAL INTENSITY. 


The vertical intensity(—V) was deduced, T and H = total and horizontal intensity 
being previously calculated, by the formula: 
V=VP—H 
In the Bombay Observatory the variations of the vertical intensity are obtained 
by direct observation; they are also periodically determined according to our method of 


calculation. 


IV. TOTAL INTENSITY. 


The formula for deducing the total intensity, 7, from the dip or inclination and 


the horizontal intensity, is 
x 
cos 3’ 


T=Xsecd= 
where X is the horizontal intensity, 3 the angle of the dip. 

In some few cases, where two of our stations were very close to each other, 
either the horizontal intensity or the dip, when not obtained by direct observation, 
could be interpolated for calculating the. probable value of the total intensity. 

In the proceedings of the Royal Irish Academy for 1857, a very ingenious method 
for the determination of the total intensity is described by Dr. Lloyd. He uses 
a dip circle furnished with three needles, one of which is to be employed for the 
ordinary observations of dip, and the two others for observations of intensity. 

The product of the earth’s magnetic force by the magnetic moment of the needle, 
mX, is obtained by observing the position of equilibrium of the dipping needle No. 2, 
loaded with small weights, and the ratio of the same quantities, x 
needle No. 2 to deflect another needle, No. 3, substituted in its place. 


, is found by using 


If 1 = the inclination of needle No. 2 with its weights, « = the difference 
between the dip observed by needle No. 1 and the inclination of neédle No. 2 with 
its weights, and w = the deviation of needle No. 3 from the direction of the magnetic 
force when deflected by needle No. 2, the total force will be given by the formula: 


r—— 
T=A cos ‘q 
V sinw sin a! 


TOTAL INTENSITY. 301 


A = the constant, which can be obtained either from direct observations, or, still 
better, by observing the absolute horizontal intensity at some one station with a uni- 
filar magnetometer, and by making simultaneously with it a determination of the 
dip and of », w, «, after the foregoing method. 


If + denotes the value of the radical 


V cos y 
sin a sin 2 


at this station, and X the horizontal intensity in absolute measure, we have 
X 


r cos dip. 


l= 


SECTION IV. 
GENERAL RESULTS OF THE CORRESPONDING MAGNETIC 
OBSERVATIONS AT BOMBAY, 


I. Declination. IL. Horizontal Intensity. IIH. Dip. IV. Vertical Intensity, V. Total Intensity. 


In the following tables we give the principal mean results of the Bombay magnetic 
observations, which are published for every year at Bombay by the zealous superinten- 
dent, Lieutenant E. F. T. Fergusson, I.N. These tables give a very characteristic apergu 
of the magnetic elements and their variations, and we shall have occasion to return 
to them for comparison, when communicating the detail of our own observations." 

Days of disturbances are marked by asterisks (*). 

The declination at Bombay is East. 

The following are the days of disturbances for 1854-7: 

1854. November 1 and 8. 
1855. February 8; March 12; April 4; May 27; July 18, 19, and 20; September 27; 
October 2, 18, and 19; December 30. 


ou 


1856. No disturbance great enough to be measured occurred this year. 
1857 


ou 


May 7; September 2, 3, and 21; December 16, 17, 18, 27, and 28. 
On all these days the disturbances were not very great.” It so happened that 


only one day, on which absolute determinations were taken by us, coincided with 


' The-means of some corresponding observations, communicated to us at Madras for the period of our travels 
in Southern India, are conlained Section V., Group V., Station No. 35. 

7 In higher latitudes the disturbances are not only much greater, bul also show periodical laws decidedly 
marked. See the most interesting researches of General Sabine, “On Periodicat Laws discoverable in the Mean 


Effects of the larger Magnetic Disturbances. Philosophical Transactions. February 27, 1851. 
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a day, when disturbances were observed at Bombay. This was the 30th December 


1855, when observations at Udelgtri, station 3, were made. 


I. DECLINATION. 


DECLINATION: 1, Mean Yearty Vaues. 


















Mean Mean 
Year. Easterly Year. Easterly 
Declination. Declination. 











Month. Month. 
































January 18-92 | 19-12 | 18-64 | 19-80 || September 16-84 19-03 18-85 | 18-56 
February | 19-08 | 19-32 | 18-96 | 20-02 || October 18-79 | 19-34 | 19-15 | 18-06 | 
March 18-76 | 19-38 | 18-68 | 20-00 || November 18:09 | 19-53 | 19-57 | 18-69 
April 18-48 ; 19-38 | 18-55 | 19-52 | December 18-57 | 19-51 | 19-77 } 18-96 
May 18-13 | 19-57 | 18-81 | 19-69 | vfean of Winter!} 18-70 | 19-37 | 19-13 | 19-26 
June 17-78 | 19-35 | 18-75 | 19-81 
July 16-78 | 19-23 | 18-41 | 19-06 | MeanofSummer? 17-47 | 19-31 | 18.72 | 19-30 || 
August 16-82 | 19-31 | 18-94 | 18-86 | Mean of the Year] 18-09 | 19-34 | 18-92 | 19-98 ! 
ee 
1 Winter January, February, March, / 
October, November, December. 
Begin tt 23 April, May, June, 
July, August, September. 
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DECLINATION: 3, Mean Dairy VatuEs, 


for each Day of Géttingen Mean Time. 












































A. 1854. 
Date. | January. {February March. | April. May. | June. July. | August. Sept. Oct. Nov. Dec, 
{ 

1 18-46 19-85 | 18-95 |... 17-95 18-54. |... | 16-70 | 16-91 18-92 18.64 18-94 
2 (19-44 | 19-05 | 18-70 | 19-04 | 18-25 | 18-62 | 18-86 | 16-47 | ... | 18-78 ] 17-84 

3 19-41 | 18-89 | 18-32 | 18-61 | 18-10 | ... | 16-33 | 16-91 | 16-63 | 18-77 | 18-08 | 18-19 
4 19-04 | 2... ... | 18-42 | 17-93 | 18-57 | 17-01 | 16-99 | 16-78 | 18-75 | ... | 18-16 
5 19-06 | 18-97 | 18-44 | 18-41 | 18-34 | 18-55 | 16-77 | ... | 16-45 | 19-00 | 18-04 | 18-39 
6 18-54 | 18-78 | 18-62 | 18-15 | ... | 18-53 | 16-63 | 16-64 | 16-90 | 18-74 } 17-65 | 18.29 
7 ... | 19-06 | 18-86 | 18-36 | 17-74 | 18-17 | 16-50 | ... | 16-85 | ... | 17-91 | 18.39 
8 18-99 | 19-00 | 18-65 | ... | 18-43 ] 18-10 ].... | 16-78 | 16-70 | 20-12 | 17-99 | 18-37 
9 19-19 | 18-68 | 18-75 | 18-42 | 18-84 | 17-97 | 16-90 ]| 16-50 | ... | 19-23 | 17-98 | ... 
10 18-72 | 19-44 | 18-83 | 18-65 | 18-42 | ... | 17-38 | 16-95 | 16-55 | 19-38 | 17-84 | 18-38 
11 19-138 | ... ... | 18-65 | 18-32 | 17-60 } 17-23 | 16-99 /*17-35 | 18-86 | ... | 18-35 
12 18-77 | 19-07 | 18-62 | 18-48 | 18-11 | 18-27 | 17-13 | ... | 17-16 | 18-49 | 17-52 | 18-17 
13 18-60 | 19-11 | 18-53] ... ... | 17-87 | 16-69 | 16-78 | 16-51 | 18-55 | 18-05 | 18-15 
14 ... | 19-13 | 2... | 18-75 | 17-62 | 17-59 | 16-86 | 16-86 | 16-77 | ... | 18-05 | 18-33 
15 19-04 | 19-45 | 19-47 ] ... | 18-39 | 17-80] ... | 16-89 | 16-43 | 18-21 | 18-05 | 18-13 
16 18-60 | 19-32 | 19-53 | 18-62 | 18-55 | 17-16 | 16-48 | 16-42 | ... | 18-42] 17-92] ... 
17 19-11 | 19-16 | 19-11 | 18-48 | 17-80 | ... | 16-83 | 16-88 | 17-01 | 17-88 | 17-87 | 18-28 
18 18-81] ... ... | 17-71 | 17-98 | 17-61 | 17-07 | 16-74 | 16-91 | 18-23 | ... | 18-86 
19 19-25 | 19-07 | 18-64 | 18-29 | 18-10 | 17-82 | 16-43 | ... | 16-94 | 18-69 | 18-04 | 18-67 
20 19-06 | 18-60 | 18-74 | 18-47] ... | 17-69 | 16-55 | 16-81 | 16-56] ... | 17-36 | 18-92 
21 ... | 18-64 | 18-86 } 18-72 | 18.48 | 17-59 | 16-56 | 17-01 | 17-14 | 18-65 | 18-07 | 19-00 
22 18-74 | 18-50 | 18-80 | ... | 17-98 | 17-34 | ... | 16-92 | 17-09 | 18-34 | 17-99 | 18-81 
23 18-98 | 18.92 | 18-65 | 18-83 | ... | 17-60 | 16-65 | 16-87 | ... | 18-91 | 18-03 

24 19-83 | 19-47 | 18-39 | 18-64 | 16-68 | ... | 16-86 | 16-64 | 16-72 | 19-08 | 18-87] .-- 
25 18-70 | 19-42 | ... | 18-49 | 18.41 | 17-29 | 16-98 | 16-77 | 17-03 | 19-55 | 18-72 | 18-85 
26 18-62 | ... | 18-76 | 18-36 | 18-29 | 17-46 | 16-80 | 16-97 | 16-77 | 19-14 | ... | 18-57 
27 18-29 | 20-02 | 19-07 | 18-32 | 17-86 | 17-15 | 16-85 | ... | 17-19 | ... | 18-27 | 18-96 
28 ... | 19-31 [19-89 | 18-33 | ... | 17-35 | 16-91 | 17-09 | 16-88 | 18-66 | 18-69 | 18-92 
29 18-94 | ... | 18-96] ... | 18-14 | 17-36 | ... | 16-82 | 17-31 | 18-53 | 18-52 | 19-05 
30 18-76 | ... | 18-32 | 18-40 | 18-41 | 18-75 | 16-35 | 16-94 |] ... | 18-65 | 18-41] --- 
31 19-20) ... | edd | oo... | 18-30} 2... 116-54 |] 16-97]... sane Jo. | 19-07 





* Abnormal day, or a day on which this clement was disturbed. 
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DECLINATION: 3, Mzan Damwy Vatues, 


for each Day of Gottingen Mean Time. 
































B. 1855. 
Date. | January. |February.) March. | April. | May. June. July. | ang Sept. 
f 
l 19.08 
2 19-09 
3 19-19 
4 19-16 
5 19-13 
6 ar Teh 
7 19-14 
8 18-98 
9 18-94 
10 18-71 
1] 19-29 
12 19-03 
13 se 
14 19-07 
15 19-23 
16 18-98 
V7 18-94 
18 19-28 
19 19-01 
20 oe 
21 19-07 
22 18.95 
23 18-78 
24 19-34 
25 19-12 
26 19-29 
27 Scns 
28 19-35 
29 19-41 
30 19-26 
31 19-53 



























































‘yorpy | Arenaqoy 
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DECLINATION: 3, Mean Dairy Vauues. 


for each Day of Gottingen Mean Time. 












































D. 1857. 
Date. | January. |February.| March. 
1 19.49 
2 19-56 
3 4 eh 
4 19-41 
5 19-73 
6 19-81 
7 19-87 
8 19-77 
9 19-71 
10 ebs 
11 19-59 
12 19-71 
13 19-60 
14 19-63 
15 19-69 
16 19-95 
7 Rats 
18 19-80 
19 20-01 
20 19-81 
21 19-86 
22 19-60 
23 20-03 
24 i, et 
25 20-31 
26 20-09 
27 19-95 
28 19-93 
29 19-84 
30° | 20-01 
31 
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DECLINATION: 4, Mean Hourty Vatues ror EACH Monta. 


A. 1854. 











Gottingen Bombay 





August. 


Mean Time. Civil Time. 


Midnight 











17-27 | 17-26 | 19-13 | 18-42 | 18-71 | 1 12 am. 
17-41 | 17-38 | 19-01 | 18-29 | 18-59 | 212 ,, | 
17-37 | 17-36 | 18-90 | 17-86 | 18-30 | 3 12 
17-39 | 17-25 | 18-93 | 17-73 | 18-18 | 412 , 
17-72 | 17-46 | 18-83 | 17-54 | 18-06} 512 ,. 
18-66 | 18-21 | 18-94 | 17-20 | 17-86 | 6 12 ,, 
19-20 | 19-02 | 19-39 | 17-21 | 17-73 | 712 
18-73 | 18-58 | 19-59 | 17-81 | 18-27] 8 12 » 
17-30 | 17-20 | 18-98 | 18-21 | 18-57 | 9 12» 


15-88 | 15-66 | 18-29 | 18-10 | 18-55 j10 12, 
14-95 | 14-45 | 17-54 | 17-82 | 18-23 j11 12.» 
14-45 | 14-00 | 17-39 | 18-08 | 18-14 Noon 
14-66 | 14-56 | 17-88 | 18-46 | 18-59 | 1 12 Pw 
15-51 | 15-80 | 18-61 | 18-53 | 18-91 | 2 12 » 
16-24 | 16-97 | 19-14 | 18-39 | 19-04 | 3 12 


a | fe 






































GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 309 


DECLINATION: 4, Mean Hourty Vatues ror EacH Montu. 


B. 1855. 



































_— 

Sanaa January. |Fcbruary.| March. ee a 
3 
6 19-39 | 19-36 | 19-41 | 19-41 | 19-47 | 19-16 . 19-34 | 19-11 | 19-53 | 19-88 | 19-54 }10 12, 
7 19-39 | 19-37 | 19-49 | 19-64 | 19-24 | 19-26 . 19-54 | 19-16 | 19-70 | 19-89 | 19-58 J11 12 ,, 
8 19-30 | 19-41 | 19-52 | 19-62 | 19-86 | 19-55 9. 19-70 | 19-27 | 19-68 | 19-98 | 19-55 Midnight 
9 19.22 | 19-98 | 19-59 | 19-73 | 20-02 | 19-73 7 19-77 | 19-32 | 19-71 | 19-90 | 19-50 | 1 12 a.m. 
10 19-03 | 19-21 | 19-54 | 19-89 | 20-03 | 19-87 : 19-87 | 19-35 | 19-59 | 19-83 | 19-42 | 2 12 ,, 
iW 18-88 | 19-04 | 19-42 | 19-72 | 20-01 | 19-84 : 19-45 | 19-42 | 19-55 | 19-53 | 19-23 | 3 12, 
12 18-73 | 18-95 | 19-34 | 19-45 | 19-99 | 19-91 : 19-46 | 19-49 | 19-46 | 19-23 | 19-07 | 4 12 ,, 
13 18-44 | 18-78 | 19-20 | 19-54 | 20-30 | 20-03 . 20-03 | 19-67 | 19-30 | 19-10 |} 19-03 | 5 12 ,, 
14 18-24 | 18-67 | 19-36 | 20-17 | 21-18 | 20-86 : 20-79 | 20-45 | 19-39 | 19-06 | 19-21 | G12. ,, 
13 18-04 | 18-73 | 19-98 | 21-25 | 21-92 | 21-48 : 21-45 | 21-53 | 20-02 | 19-11 | 19-33 | 7 12 ,. 
16 18-54 | 19-51 | 20-36 | 21-37 | 21-82 | 21-33 : 21-26 | 21-04 | 20-31 | 19-60 | 19-90 | 8 12 ,, 
7 19-59 | 20-39 | 20-46 | 20-65 | 20-67 | 20-63 | 20- 20-12 | 19-58 | 19-85 | 19-64 | 19-89 | 9 l2 ,, 
18 19-92 | 20-36 | 19-72 | 19-58 | 19-10 | 19-52 : 18-74 | 17-99 | 19-16 | 19-04 | 19-14 |10 12 ,, 
19 19-52 | 19-77 | 18-94 | 18-28 | 18-09 | 18-39 +20 17-81 | 16-64 | 18-20 | 18-44 | 18-46 411 12. ,, 
20 18-96 | 19-30 | 18-28 | 17-43 | 17-47 | 17-51 : 17-18 | 16-06 | 17-73 | 18-65 | 18-93 Noon 

21 19-06 | 19-05 | 18-23 | 17-22 | 17-66 | 17-48 : 17-30 | 16-77 | 18-17 | 19-26 | 19-75 | 1 12 eM. 
22 19-02 | 19-11 | 18-78 | 17-35 | 18-13 | 17-78 : 17-85 | 17-75 | 18-93 | 19-70 | 20-29 | 2 12. ,. 
23 19-05 | 19-14 | 19-42 | 18-56 | 18-74 | 18-40 8-28 | 18-46 | 18-94 | 19-41 | 19-92 | 20-31 | 3.12, 
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Gottingen 
Mean Time. 


Noon 


13 
14 
15 
16 
17 
18 
19 


wn NM 
Coo 


N 
= 





January. | February. 


19. 
18. 
18- 
18- 
18- 
18. 
18. 
18- 
18. 
18- 
18- 
18- 
18- 
18- 
18- 
18. 
19. 
20: 
19- 
l7- 
17- 
18. 
18. 
19. 


00 





19. 
18- 


19: 
19- 
19. 
19- 
19- 
19- 
18. 
18- 
18- 
18- 
18- 
18- 
18. 
19. 
19- 
“49 
18- 
18- 
18- 
18- 


19 


06 
94 
89 
86 
71 
71 


62 
24 
61 


88 
44 
52 
86 


-09 


MAGNETIC OBSERVATIONS. — 


DECLINATION: 4, Mean Hourty Vaxzues ror EAcH Monta. 


18-80 
18-56 
18-45 
18-45 
18-44 
18-53 
18-66 
18-7] 
18-75 
18-76 
18-71 
18-63 
18-56 
18-54 
18-63 
19-13 
19-75 
19-88 
19-39 
18-36 
17-79 
17-87 
18-26 
18-77 





March. 

















C. 1856. 

| 
April. May. June. July. | August. Sept. Oct. Nov. Dec. Bony ' 
Civil Time. | 
| 
’ ; ; ; ; ; sa ae 
18-42 | 18-75 | 18-21 | 18-16 | 19-18 | 19-32 | 19.53 | 19-62 | 20-20 | 4 12 na 
18-51 | 18-73 | 18-37 | 18-31 | 19-28 | 19-26 | 19-20 | 19-47 | 20-04 | 512 , | 
18-36 | 18-50 | 18-34 | 18-20 | 18-87 | 18-84 | 19-06 | 19-58 | 20-03 | 6 12 , « 
18-15 | 18-31 | 18-09 | 17-91 | 18-64 | 18-83 | 19-18 | 19-66 | 19-99 | 712 , 
18-15 | 18-37 | 18-17 | 17-97 | 18-57 | 18-90 | 19-31 | 19-67 | 19-99 | 8 12 , 
18-35 | 18-50 | 18-35 | 18-11 | 18-72 | 18-96 ] 19-34 | 19-69 | 20-139 | 912 , | 
18-46 | 18-68 | 18-53 | 18-27 | 18-86 | 19-15 | 19-38 | 19-74 | 20-08 flo 12, 
18-58 | 18-93 | 18-81 | 18-44 | 19-05 | 19-16 | 19-48 | 19-75 | 20-01 j11 12, 
18-78 | 19-09 | 19-05 | 18-71 | 19-19 | 19-26 | 19-44 | 19-86 | 19-89 | Midnight 
18-88 | 19-20 | 19-23 | 18-86 | 19-30 | 19-28 | 19-44 | 19-94 | 19-80 | 1 12am. 
18-91 | 19.24 | 19-32 | 18-99 | 19-38 | 19-23 | 19-36 | 19-73 | 19-73 | 212 , | 
18-79 | 19-33 | 19-35 | 19-07 | 19-46 | 19-18 | 19-28 | 19-55 | 19-52 )3 12 , 
18-75 | 19-30 | 19-28 | 19-13 | 19-57 | 19-27 |-19-12 | 19-36 | 19-33 | 4 12 » | 
18-69 | 19-41 | 19-55 | 19-36 | 19-83 | 19-41 | 19-06 | 19-12 | 19-11 [5 12 y - 
19-25 | 20-13 | 20-38 | 20-13 | 20-91 | 20-16 | 19-18 | 18-86 | 18-99] 6 12 + | 
20-09 | 20-51 | 20-87 | 20-41 | 21-45 | 20-96 | 19-73 | 18-88 | 18-77 | 712 » 
20-48 | 20-44 | 20-74 | 20-03 | 20-80 | 20-71 | 19-88 | 19-27 | 19-45 | 8 12 » 
20-29 | 19-61 | 19-81 | 19-17 | 19-38 | 19-45 | 19-37 | 19-46 | 19-87 | 9 12 « | 
19-05 | 18-47 | 18-73 | 18-03 | 17-81 | 17-94 | 18-63 | 19-37 | 19-59 ]10 12 & I 
17-68 | 17-58 | 17-63 | 17-00 } 16-90 | 16-66 | 18-05 | 19-21 | 19-33 II 12» 
16-73 | 17-06 | 17-01 | 16-42 | 16-46 | 15-95 | 17-85 | 19-69 | 19-70 | Noon 
16-73 | 17-26 | 17-00 | 16-56 | 16-80 | 16-39 | 18-26 | 20-15 | 20-26 | 1 2PM, 
17-18 | 17-80 | 17-39 | 16-99 | 17-70 | 17-42 | 18-97 | 20-15 | 20-32 | 2 12 : 
17-90 | 18-30 | 17-86 | 17-56 | 18-51 | 18-68 | 19-46 | 19-90 | 20-26 | 3 22 - 
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DECLINATION: 4, Mean Hourty Varurs ror BACH Montu. 























D. 1857. 
oe January. | February.) March. ? . Dec. ‘tou | 
| 
i hom 
18-97 | 4 12 ¥.M. 
18-89 |} 5 12 , 
18-94 |} 612 ,, 
19-10 | 712 ,. 
19-18 | 8 12 
19:04 |] 912 , 
19-09 10 12. ,, 
19-19 ]11 12. ,, 
19-07 | Midnight 
18-91 12 a.M. 





18-81 12 ,, 
12. 


1 

2 

3 
18-49 | 4 12, 

5 

6 





18-35 2 , 
18-24 12 4 
18-24 | 712 ,, 
19-04 | 8 12 .. 
19-71 | 9 12 
19-45 }10 12 , 
119-00 (11 12 ,, 
18-91 Noon 
19-34 | 1 12 P.M. 
19-31 [212 ,, 
19-03 | 3 12 ,, 


















































312 MAGNETIC OBSERVATIONS. 


Il. HORIZONTAL INTENSITY. 


HORIZONTAL INTENSITY: 1, Mean Yearty Vauues. 


(English Units are used throughout.) 


Absolute Absolute 
: Horizontal Horizontal 
Ww Intensity. Intensity. 








HORIZONTAL INTENSITY: 2, Mean Montuty Vanves. 





English Units. English Units. 


1954. | 1855. 1856. | 1857. 1954. | 1855. 
January September 
October 
November 
December 


February 
March 
April 
May 
June 
July 
August 


Mean of Winter? 


MeanofSummer?| 7-999 


@momaoranrraana 


Mean of the Year} 8-000 











January, February, March, 
October, November, December. 
April, May, June, 


! Winter = 


2? Summer = } 
July, August, September. 
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HORIZONTAL INTENSITY: 3, Mean Datty Vauuss, 


for each Day of Gottingen Mean Time. 































































































A. 1854. 
Date. {| January. Relies) March. April. | May. June. July. August. Oct. Nov. |. Dec. 
] 7. wae 7- anh, 8-003 | 8-004 8-010 
2 7.972 | 7-989 | 7-993 | 7-994 | 7-994 | 8-001 | 8-002 | 8-007 Presb set 
3 7-977 | 7-991 | 7-990 | 7-992 | 7-997 nw 2 8-001 | 8-000 | 8-005 8-014 
4 7-981 ind re 7-993 | 7-995 | 8-000 | 8-001 | 7-999 | 8-007 4s 8-013 
5 7-983 | 7-988 | 7-992 | 7-992 | 7-992 | 8-000 | 8-001 only 8-008 | 8.012 | 8-013 8-013 
6 7-983 | 7-989 | 7-990 | 7-993 a oe 8-003 8-003 | 8-001 8-007 | 8-012 | 8-011 | 8-014 
7 eels 7-990 | 7-990 | 7-992 | 8-001 | 8-000 | 8-002 Pe 3 8-007 feo 8-012 | 8-015 
8 7-981 | 7-991 | 7-992 eed 7-997 | 8-002 8-002 | 8-008 | 7-995 | 8-008 | 8-015 
9 7-983 | 7-991 | 7-993 | 7-995 | 7-989 | 8-003 8- ..s | 8 8: neuer 
10 7-986 | 7-981 ] 7-993 | 7-984 | 7-995] ... 7-993 | 8-003 | 8-008 | 8-008 | 8-015 | 8-017 
11 7-984 Beal's ... |*7-980 | 7-995 | 8-002 | 7-995 | 8-001 |*7-996 | 8-009 hone 8-018 
12 7-984 | 7-986 | 7-993 | 7-989 | 7-995 | 7-994 | 7-997 oles 81003 | 8-004 | 8 -17 | 8-019 
13 7-984 | 7-986 | 7-994 Brose oe 7-997 | 7-999 | 8-004 | 8-005 | 8-006 | 8-016 | 8-017 
14 fits 7-985 baled 7-984 | 8-000 | 8-000 | 7-997 | 8-004 | 8-003 se ¢ 8-017 | 8-016 
15 7-986 | 7-982 | 7-989 eae 7-992 | 7-999 as 8-005 | 9-005 | 8-010 | 8-016 | 8-021 
16 7-986 | 7:987 | 7-985 | 7-992 | 7-991 | 7-999 | 8- 8. eee 8. 8. one 
7 7-984 | 7-988 | 7-988 | 7-994 | 7-993 seas 8-001 | 8-004 | 8-004 | 8-014 | 8-017 | 8-018 
18 7-985 ag 8 7-986 | 7-997 | 8-000 } 8-001 | 8-005 | 8.005 | 8-011 ek 8-016 
19 7-983 | 7-989 | 7-993 | 7-989 | 7-995 | 7-999 | 8-002 ard 8-008 | 8-012 | 8-017 | 8-017 
20 7-984 | 7-991 | 7-991 | 7-990 ek 7-997 | 8-004 | 8-000 | 8-010 ae 8-018 | 8-017 
21 th oa 7-991 | 7-994 | 7-991 | 7-996 | 8-000 | 8-003 | 8-001 | 8-006 | 8-013 | 8-015 | 8-018 
22 7-998 | 7-993 | 7-994 mod 7-996 | 8-002 toe 8-003 | 8-007 | 8-016 | 8-015 | 8-019 
23 7-994 | 7-992 | 7-994 | 7-988 aes 7-999 | 8-000 | 8-003 Sodeira 8-011 | 8-016 eae 
a4 7-996 | 7-995 | 7-996 | 7-983 | 8-002 plese 7-996 | 8-005 | 8-008 | 8-012 | 8-016 | 8-021 
25 | 7.990 | 7-993 | ... | 7-991 | 7-996 | 8-000 | 7-998 | 8-004 | 8-006 | 8-013 | 8-015 | 8-021 
26 7-989 a 7-990 | 7-994 | 7-997 | 8-002 | 8-000 | 8-005 | 8-008 | 8-012 a 8-022 
27 7-990 | 7-987 |*7-987 | 7-992 | 7-997 | 8-001 | 7-998 | ... 8-005 eee 8-018 | 8-017 
28 Scot 7-988 | 7-978 | 7-998 ed 8-003 | 8-002 | 8-007 | 8-006 | 8-015 | 8-013 | 8-015 
29 7-954 7-986 Mowe 7-998 | 8-001 8-008 | 8-008 | 6-014 | 8-015 brea 
30 7-984 ... | 7-991 | 7-992 | 8-000 | 8-002 : : Pare H B- 8-018 
31] 7-986 | 2.2. | 7989] 2.2. 1 8-001] 22. | 8 . eda (WW VSSie adage, [2 
i |__| dss) 














* Abnormal day, or a day on which this clement was disturbed. 
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314 MAGNETIC OBSERVATIONS. 


HORIZONTAL INTENSITY: 3, Mean Dairy Vauuss, 


for each Day of Gittingen Mean Time. 




































B. 1855. 
[mac [aren] atch | art [aes | ome | aos janwoe | st | ow | aon | ve | 

January. |February.| March. April. May. June. July. August. Sept. Oct. Nov. Dec. 
1 7-985 | 7-988 | 7-990 | 7-993 | 7-993 | 7-997 | 7-996 | 7-997 | ... | 8-003 | 8-008 | ... 
2 7-984 | 7-988 | ... | 7-997 | 7-993 | ... | 7-998 | 7-999 | 8-003 | 8-005 | 8-008 | 8.013 
3 7-985 |... ... | 7-995 | 7-994 | 7-997 | 7-995 | 7-999 | 8.002 /*7-995 | ... | 8-011 
4 7-985 | 7-989 | 7-991 |*7-985 | 7-994 | 7-995 | 7-996 | ... | 8-003 | 7-997 | 8-010 | 8.013 
5 7-986 | 7-990 | 7-994] ... ... | 7-997 | 7-996 | 7-997 | 8-002 | 7-998 | 8-008 | 8.012 
6 ... | 7-990 | 7-992 | 7-989 | 8-000 | 7-997 | 7-997 | 7-999 | 8-003 | ... | 8-006 | 8-013 
7 7-985 | 7-991 | 7-992 | ... | 7-595] 7-996 | ... | 7-999 | 8-003 | 8-005 | 8-007 | 8-013 
8 7-986 |}*7.983 | 7-994 | 7-993 | 7-990 | 7-995 | 7-997 | 7-999 | ... | 8-006:] 8-007] ... 
9 7-988 | 7-984 | 7-987 | 7-990 | 7-992] ... | 7-999 | 8-000 | 8-003 | 8-007 8-014 
10 7-985 |... ... | 7-991 | 7-997 | 7-998 | 7-998 | 8-001 | 8-005 | 8-006 | ... | 8-013 
11 7-986 | 7-988 | 7-993 | 7-994 | 7-994 | 7-997 | 7-997 | ... | 7-999 | 8-005 | 8-008 | 8-014 
12 7-986 | 7-986 |*7-983 | 7-989 | ... | 7-996 | 7-990 | 8-003 | 8.001 | 8-005 | 8-007 | 8-009 
13 ... | 7-988 | 7-986 | 7-993 | 7-995 | 7-997 | 8-000 | 8-001 | 8-002 | ... | 8-008 | 8-012 
14 7-987 | 7-986 | 7-989 | ... | 7-996 | 7-998 | ... | 8-002 | 8-003 | 8-006 | 8-011 | 8-012 
15 7-987 | 7-986 | 7-990 | 7-991 | 7-994 | 7-999 | 8-002 | 7-998 | ... | 8-006 | 8-011] ... 
16 7-988 | 7-989 | 7-990 | 7-993 | 7-996 ] ... | 8-001 | 7-998 | 8-002 | 8-005 | 8-007 | 8-013 
17 7-988 | ... ... | 7-992 | 7-996 | 7-999 /*8-001 | 7-999 | 8-001 | 8-007} ... | 8-011 
18 7-989 | 7-988 | 7-991 | 7-990 | 7-995 | 8-000 |*8-004 | ... | 8-002 |*7.997 | 8-007 | 8-010 
19 7-991 | 7-988 | 7-991 | 7-992 | ... | 8-000 |*7-994 | 8-000 | 8.004 /*7-999 | 8-009 | 8.012 
20 ... | 7-989 | 7-991 | 7-993 | 7-996 | 8-001 |*7-993 | 7-999 | 8-004 | ... | 8-008 | 8-012 
21 7-989 | 7.988 | 7-992 | ... | 7-997 | 7-999 | ... | 7-999 | 8-003 | 8-004 | 8-006 | 8-015 
22 7-988 | 7-988 | 7-992 | 7-996 | 7-997 | 7-996 | 7-995 | 8-001 | .. 8-005 | 8-009} ..- 
23 7-989 | 7-989 | 7-993 | 7-994] ... ... | 7-996 | 8-002 | 8-005 | 8-004 | 8-008 | 8-017 
24 7-987 | 7-989 | ... | 7-995 | 8-001 | 7-997 | 7-997 | 8-000 | 8-005 } 8-004 | 8-010] ...- 
25 7:987 | ... | 7-993 | 7-997 | 7-999 | 7-997 | 7-996 8-004 | 8-007 | ... | 8-015 
26 7-986 | 7-991 | 7-992 | 7-997 | 7-997 | 7-998 | 7-997 | ... | 8-006 | 8-008 | 8-011 | 8-017 
27 ... | 7-990 | 7-994 | 7-997 *7-990 | 7-998 | 7-998 | 8-004 |*8-003 | ... | 8-012 | 8-015 
28 7-989 | 7-989 | 7-993 | ... ... | 7-996 | ... | 8-002 | 8-004 | 8-006 | 8-013 | 8-016 
29 7-987 7.995 | 7-996 | 7-995 | 7-997 | 7-995 | 8-003 | ... | 8-005 | 8-008) ..- 
30 7-988 7-994 | 7-992 | 7-996 7-997 | 8-003 | 8-005 | 8-008 | 8-010 |*8-008 
31 7-985 |... sO et ... | 7-996 7.997 | 7-999 8-009 | ..- oat 
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HORIZONTAL INTENSITY: 3, Mean Dawy Vatugs, 
for each Day of Gottingen Mean Time. 


C. 1856. 


January. |February.| | March. May. June, July. August. Sept. Oct. Nov. Dec. 


+025 +022 seer d 8-013 | ... | 8-017 -021 | 8-011 -008 wand 
+025 ae . | 8. 8-013 : 8-015 oa 2s 8-013 -008 “O15 
+029 +027 : . ives : 8-020 -021 | 8-013 | 8-013 -012 
+028 +029 . . -017 . 8-019 -017 | 8-013 Jukg 8-015 
Se +032 . nibs ct 016 ‘ ee : 8-016 -004 -010 
-026 +027 . . -018 : +021 at -007 ‘013 
8-034 -022 . . *019 ae ds +020 : 8-016 +008 O13 
026 +025 Si Bode : -018 : -018 : 8-012 -012 a Ne 
031 ners . . -018 ‘ -020 ohacg 8-009 -008 -017 
+030 +024 -O1s : Sie . -021 | 8- 8-013 | 8-012 | 8-017 
+022 | 8-021 . . -016 +006 +022 : 8-015 ages -016 
Steet -019 . . -015 . ait 3+ 8-015 -001 -018 
+013 -019 . . 019 : +023 oyere -008 “019 
-012 ‘017 . : 8-011 ete +022 As 8-015 -009 -021 
‘O11 020 | ... : -010 : +023 . 8-015 -010 








-015 ave : : -010 : +025 ar bits 8.009 | 8-012 -018 


-015 +022 aCe -022 . 8-008 ‘012 | 8-019 
-012 +022 . . 016 : -015 0% 8-003 ibis -020 
ras +026 . ot & -015 : Dag . 8-008 ‘014 | 8-016 
*015 +021 nese . -016 | 8-016 | 8-027 sae -007 | 8-016 
-013 +020 anes : +016 ae +025 : 8-010 -010 | 8-014 
013 +023 ae 3 +015 . +022 . 8-011 -005 

“015 +020 . : Stace : -019 os Spe 3-008 -002 

+027 G4 : : ais . 021 : 8-010 -006 

031 +018 : : ; : -021 . 8-012 
eee +009 . hase : : deaite . 8-005 
8-030 +005 : 016 : : -021 iss 
+028 “010 : -015 : tes +021 . 8-009 
-027 -012 Bohs . : : :021 : 8-008 
+028 Se . 5: . . +022 Socal te 8-007 
+022 sek : ee afc 8-020 









































40* 


316 MAGNETIC OBSERVATIONS. 


HORIZONTAL INTENSITY: 3, Mean Datty Vatues, 
for each Day of Gottingen Mean Time. 


D. 1857. 








January. |February. 


















































cs 
—_ 
= 


GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


HORIZONTAL INTENSITY: 4, Mean Hourty Vaturs ror nach Monrtu. 











A. 1854. 
= 
See te! January. |February.| March. : 3 ot i Dec. pee, 
Noon 7-984 7. 8. 
1 7-981 7. 38. 8. 12 
2 7-981 7- 8. 8. > 122 
3 7-981 7: 8: 8. 12 
4 7-980 7 3- 8- 12 
5 7-981 7: 8- 8. 12 
6 7-982 7. 8. 8. 12 
7 7-982 7. 8. 8. 1l 12 
8 7-982 7. 8. 8: Midnight 
9 7-983 7. 8. 8- 12 aM. 
10 7-983 7 8- 8- 12 
1 7-984. 8. 8. 12 
Ly 7-984 8. 3. 
13 7-985 8. 4. 
l4 7-985 8- s- 
15 7-987 8. 3- 
16 7-986 8. 3. 
17 7-989 8. 3. 
13 7-992 8. 38. 
19 7-992 8. 8. 
20 7-992 9. 8. 
21 7-990 8. g. 
22 7-989 8. 8. 
23 7-987 8. 4. 
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Gottingen 
Mean Time. 


Noon 


2 oa ndan fF wp 


Lent ene cel ce cl 
ao FF SB DD SC 


16 
17 
18 


20 
21 
22 


NAN NANA 





January. |February. 


a 4a N41 


ayoyNunua ~1 


-987 
. 986 
984 
-983 
983 
-983 
-983 
984 
.985 
985 
-985 
-986 
.986 
-987 
987 
-986 
-988 
-990 
.992 
.992 
-993 
-991 
-990 
-988 


HORIZONTAL 







Yaar wWwana nana ntarnnrwrwatnaru 


a4 





+988 
+986 
+985 
+984 
+984 
+985 
+985 
+986 
-986 


+988 
+987 
+987 
-988 
+988 
+988 


+988 
“989 


+992 
994 


-O9L 
“994 


+993 
‘991 


-990 | 








NNN NA 


NQNQ aan nawan 


= 


1 


=~] 


~“ 


+990 
+989 
+987 
+987 
-987 
+987 
+988 
+989 
+959 
-989 
+990 
+990 
+990 
+990 
+990 
+990 
+993 
+997 
-000 
-001 
+999 
+997 
-995 
+993 





INTENSITY: 4, Mean Hourty Vauuzs For cEacu Monru. 


~ 


sun @©@OrNrN 


aynynan 


+992 
-991 
+990 
-990 
+990 
-990 
+992 
+992 
+992 
+992 
+990 
+992 
+993 
+992 
-991 
“992 
994 
-997 
+000 
+000 
+000 
+998 
+996 
994 





YrNAaowoweomwmomarwrArArAIAAAANA AN NAAN NAH 


MAGNETIC OBSERVATIONS. 


+994 
+992 
+992 
*991 
-991 
+991 
+992 
+993 
-994 
-994 
+993 
994 
+994 
994 
-994 
995 
-998 
-001 
+003 
-003 
-002 
-001 
+998 
-996 


NNN QQ VY unuy tu nnananwru 


1 


aon nN @ © © @ 


B. 


1) 
“994 
-994 
-993 
-993 
994 
994 
994 
“994 
995 
hs) 
+995 
+995 
-995 
-995 
996 
+998 
-000 
-001 
-001 
-000 
-999 
“998 
-996 


1855. 


a 
oamrnewmmaaranrwnsanaaAnx»AIAnaAntnanrtnuanaurranu 


~I 


July. 


+997 
+995 
-995 
+994 
+994 
+994 
+995 
+995 
-996 
995 
+996 
+996 
-996 
+996 
+996 
+998 
+999 
-002 
+003 
-005 
-005 
+003 
-001 
-999 


August. 


wmoOoaeaaewwmaeowmrrrnrraArvAvArAaAantnaranananan oo 


-000 
-999 
+998 
:997 
-996 
-997 
-997 
-997 
-998 
-999 
-998 
-998 
+998 
-999 
-999 
-998 
‘001 
003 
005 
-006 
-006 
-005 
“004 
-002 





Sept. 


~mmawmwoeerwrentreenrwrewrenwrewmwmreaeniwmonaoewmarearenrn © OO ®D 


003 
-002 
-001 
-000 
-999 
-000 
-000 
-001 
-001 
-001 
-002 
-002 
-002 
-003 
-002 
-001 
-003 
006 
-008 
-009 
-008 
-007 
-006 
-004 





aowmwonrenrenrwmreweetreowrentrenxrewrenmnewe@dnoaaes © Om D DO WO Ow 


-003 
-003 
-002 
-001 
-001 
-001 
-002 
«002 
-003 
-003 
-003 
004 
-004 
-004 
-004 
003 
-006 


-009 


‘O11 
-013 


-012 
-010 


-008 


- 006 





ownonm we 


aoe 


ornmnwrewoewrewmwinr nmr nnmnnonnmnna a 


“009 
007 
-005 
-005 
+005 
+005 
-005 
-000 
-006 
-006 
-006 
-007 
007 
007 
+007 
009 
‘O11 
-013 
-014 
-016 


015 |. 


014 


8-012 


-010 





8 
8 


Dec. 


014 
+012 
‘O11 
010 
010 
010 
010 
-010 
-O11 
‘011 
‘011 
012 
012 
012 
013 
013 
015 
O17 
018 
-019 
018 
+018 
O17 
014 





Vombay 
Civil Time. } 


ho oo 
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Month. 


January 
February 
March 
April 
May 
June 
July 
August 











Mean Dip. ' 
1855. | 1856. | 1857. 1854. | 1855. 1856. | 1857. 
° ‘ ° ‘ ° a oO ‘ ° i oO d ° ie 
-6|18 41-6]19 11-3|18 57-3] September 18 51-6|f9 14-4{19 01-5]19 10-0 
-1]18-49-3]19 22-7/18 58-1] October 08-2|19 03-9/19 08-5 
-7/18-55-4]19 17-4|19 12-3|19 13-7]19 12-3 
-7/18 59-8|19 17-6]19 11-8}19 02-0/19 12-1 
. 59. . 
MLE oye P te ato 59-8|19 11-8{19 05-0 
-1/18 52-0/19 14.8|19 
-7118 57-0|19 08-6/19 03-1/19 11-7/19 08-2 
-2/19 16-7}19 06-2|19 01-419 11-8119 06-6 


Ill. CALCULATED DIP. 


DIP: 1, Mean Yearty VAatues. 























DIP: 2, Mean Monrauy Vauozs. 


Mean Dip. | 































1 Winter — January, February, March, 
Octoher, November, December. 
Pa ne } April, May, June, 
July, August September. 
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DIP: 3, Mean Damy Vatuss, 


for each Day of Géttingen Mean Time. 
















































A. 1854. 
Date. | January. pevry| March. | April. May. | June. | July. August. Sept. Oct. Nov. call 
oo: o 7 

1 

2 

3 

4 ‘ 

3 9 

6 oe hea 3 

7 estan fe 03. 01-9} 57-0] 59-7] 06. ak? 55-2) |, 39.2] 31-5 
8 47-9 03-9 01-9 .. [19 00-5 03- 51-5 58-5 47-4 39-5] 33-9 
9 47-4) 04-9} O1-1) 54-8) 02-6] 03. 53-3)... 38-9) 38-1) ... 
10 44-9] 07-3} 00-7} 54-9} O4-4) .., 51-4] 46-3) 34.8] 35.9] 35-4 
11 46-4, ... .. |* 56-0 00-7) 18 49-1 53-2" 46-4 34-2) 2... 33-1 
12 48.8) 06-4) O7-4) 52-2)1856-1) 50.1 ors 43-5 33-8] 37-5) 31-4 
13 49-1 05-9 09-2) 2... Pe 57-0 57-0 41-9 33-0 38-2} 31-3 
M4 aon 09-5) 2... 51-0 51-0 59.2 58-8 43-2) 0, 38-0} 33-2 
15 52-4 10-6 10-1) ... 51-8 49-7 57-8 35-7 31-7 37-8] 33-1 
16 52-4] 10-9} 10-0] 52-3} 52-0] 47-5 56-1] ... 32-1] 37-4)... 
17 52-1 09-7 09-4] ° 53-5 51-6) 1... 54-0 43-9 31-9 36-6} 33-1 
18 51-1]... eae 53-9) 50-6) 51-3 54-0; 46-4) 44-8 8 33-3 
19 51-2 05-9 07-7 54-9 50-0 54-5 awakes 49-2 45-6 36-1] 33-6 
20 51-0| 04-3} 08-6] 55-8 ; 57-1 59-4) 52-7 35.4] 34-7 
21 ; 05-1 07-7 55-0 50-1)19 01-7 56-5 55-1) |, 35-7] 34-6 
22 51-5] 05-6} 03-9] ... 50-1) 00-8 58-3; 58-9] 42.9] 35-5] 33-9 
23 53-2} 05-0] O1-7/ 54-2) ... 00-3 59-4)... 56-1] 36-2 

24 54:8 04-8 01-5 56-4 50-9 : 58-3 58-0) 56-7 42.2 

25 53-6 03-7) 2... 54-7 52-8 01-9 57-9] 19 00-4 55-5 40-8; 

26 53-4) ... | 1857-9 52-9 53-5 02-4 58-9] 18 53-9 58 Tans 

27 52-4 01-3 57-4 54-9 55-9 03-9 ar 51-0 49-0 47-8 

28 olde 00-6/* 59-7 56-3] ... 07-7 ‘69-4 49-7) 0. 47-7 

29 53-2)... 58-5 a 19 00-6 09-2 19 03-7 48-7 48-3 39-7 

30 54-9] 2. 58-8 53-4 02-3 02-7 05-8) ... 48-0 37-3 

31 57-44 2... 59.4 02-3 01-9) ... 49-6 


























* Abnormal day, or a day on which this element was disturbed. 
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DIP: 3, Mean Daty VaLues, 


for each Day of Gottingen Mean Time. 


February.| March. April. | Moy. 


° ‘ ° ‘ ° Z 
18 54-5) 19 00-4! 19 05 
54-3] 00-5] ... 
55-4 01-0) 18 52 
*58-6] 00-0] 52 
sis 34a 3 53 
58-6/18 55-6] 53 
ah 54-3] 52- 
59-6 54-6 52- 
58-5 53-7] 2. 
57-8 52-8 50- 
56-4 55-1 52- 
59-6) 1... 57- 
19 02-3 58-0] 19 00- 
oe 19 00-4) 18 57. 
03.2 01-5 54. 
02-9) 01-8} ... 
01-2! 01-5) 9 46- 
18 59-6) 18 58-7 48 
57-4). 53 
58-7 58-0 55. 
er 57-9) 51 
19 01-3 56-8 51- 
02-6 7 ie 
03-7 57-2 43- 
02.9 58-4 44. 
01-8} 59-7] 47. 
03-1/*19 02-8 48- 
beak ara 47- 
00-7} O46] 48 
01-1 05-6 
05-8 





B. 1855. 





Fon wo fr Ww 


— Owen wo 


| July. 


° ‘ 
+8} 18 46 


46. 
47. 
48- 
43. 
43. 


now wow w 


58 


59- 
2/19 01- 
“7* O1- 
-4/* 02. 
5|* 04- 


08 


08- 
08- 
08- 
07- 
06- 


45 - 
45. 
47- 
51- 
55- 
58: 


07. 
06- 
06. 


August. | Sept. | Oct. 


° f oO é Qo ‘ 
-0}19 06-2) ... |1905- 
6 06-3] 19 23-8 03- 
6 07-8 23-5/* O04 
Bee ens 21-3 04: 
8 07-2 18-3 06- 
0 06-6 17-3)... 

06-4 16-8 08- 
9 06-3 i te 08 
4 06-2 15-6 08- 
1 06-5 18-0 09 
47... 17-2 11. 
5 06-2 11-6 12. 
5 10-8 10-0) .. 
15-6 11-4 09. 
5 20-2) ... 09. 
0 21-5 12-7 09- 
3 22-2 13-4 09 
OPS castes 14-2 09. 
5 26-6 11-8 06- 
4 26-5 12-8) ... 
: 24°+5 14-7 O4- 
0 25-8) ... -06- 
2 23-5 11-7 08 - 
3 24:6 11-2 09. 
1 12-9 07. 
QU os0 eae 11-5 06- 
7 22-9) 11-2) ... 
; 23-8 10-6 oR. 
6 23-0) ... 09. 
7 26-0 07-3 09. 
4 31-8) 10- 
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| Nov. Dec. 


° ‘ ° t 
9119 11-6 
5] 13-7|19 16- 
4p lo, 16- 
6] 14-6] 15. 
3) 14-8] 14. 
: 14-3] 13- 
3} 11-8] = 12. 
4} 08-8] .. 
4 07- 
06- 
1} 07-7|  07- 
8| 08-6] 07. 
: 09-8| 07: 
4) 10-2] 07- 
of 611-0] . 
3} 12-7/ 11 
Bl owe, 11- 
7] 12-8) 11. 
7; 13-2 1o- 
12-9] 11- 
3} 12-3{ 11 
6} 12-21 .. 
ol 13-0] 12. 
9} 13-1) .. 
| 14- 
4) 12.2) 14. 
12-8) 15. 
4) 13-4] 16. 
4} 15-4). 
7] 15-3)" 15. 
5 14. 


ovoon 


now cw 
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Pens DWow ~) 
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DIP: 3, Mean Datty Varues, 


for each Day of Gottingen Mean Time. 
































C. 1856. 2 
Date. | January. |February.| March. | April. May. June. July. | August. Sept. Oct. Nov. Dec. 
° f ° i ° ‘ °o a o f o f o ‘ oO ‘ ° z °o f o é oO i 
1 [19 08-2)19 20-5) ... [19 19-3/19 18-5) ... {19 21-6/19 08-1] 19 04-5/1858-3] ... [19 09. 
2 09-0 . |19 21-7) 19-3) 18-0]/19 25-5} 20.9) ... 03-5} 57-7/19 15-6] 08. 
3 08-2} 21-3) 21-5) 18-7] 1... 24:3] 13-7/ 07-9] 04-0] 56-1) 16-0] 08. 
4 09-4) 21-4 20-1) 19-1] 18-4) 20-4) 09-8} 07-2] 02-9 13-9] 08. 
FY tole 22-3) 19-8) ... 18-7) 22-2) ... 07-0} 02-0] 56-3] 14-3] 06. 
6 10-3} 20-5) 18-4) 18-2) 19-9) 19-5] 4-0) 06-8] ... 55-3] 13-0) ... 
7 07-7, 21-4 17-8} 18-8) 19-3) ... 00-7; 06-5) 01-5} 54-9] 11-8] 06 
8 07-9} 20-6) ... 17-9} 19-9] 16-8} 00-0} 06-0] 02-0) 54-7] ... 08. 
9 08-3)... 15-5] 16-6] 20-3} 19-8} 03-0] ... 22-2} 55-1) 12-1] 07: 
10 08-8] -21-2} 14-8} 16-6] ... 13-6] 03-3} 05-2} 12-2) 54-1) 13-3} 06 
11 O8-7| 21-2) 14-1 16-0] 22-5) 08-1} 05-8] 05-7) 08-8) ... 14-7) 04 
12 oe 20-6 14.2) 1... 21-6} 04-0] ... 05-3} = 09-9/* 55-3} 14-8} 03- 
13 11-4) 21-7] 11-5; 17-3] 1-2) 04-7] 05-6} 4-8] 54-7] 15-8] ... 
} 14 11-9) 22-8} 11-0) 17-3) 22-7) ... 09-8} ... 00-1) 54-7; 15-5] O1- 
| 15 12-6) 22-9) ... 17-1] 23-1] 08-4| 07-6} 05-0] 00-3} 54-0) ... 02 
16 11-6] ... 11-2} 18-6] 23-4 09-8] 05-0] ... 00-8} 53-8) 15-2) 02 
17 12-6} 22-1; 11-0] 19-9] ... 10-2) 05-9) 07-2) 00-1] 55-6) 14-8} O01 
18 14-3} 21-5) =-13-7] = 22-0] = 24-4} = 08-4] 07-8] =: 06-6) 18. 59-G] . tt 14-2) 01 
19 ts 19-6] 17-6] ... 24-3) O7-4) ... 07-0} 59-7)19 02-6} 14-6) 00- 
20 11-0] 20-8 22.8] 22-3} 08-3] 07-6] O0G-7) ... 08-0| 14-5] ... 
21 14-0] 21-5 23-8) 23-2) ... 07-2} 06-4/19 04-4) 12-2) 14-9/18 59 
22 12-9} 21-8) ... 23-9] 19-9} 11-7] 08-1) 07-1] 04-0) 12-5 . 5T- 
23 13-5} 23-7/ 18-8} 23-0 12-44 09-3) ... 02-3} 14-4 13-3) 57- 
| 24 11-3}... 18-9) 20-0) ... 17-0} 10-2)" 07-1} 00-8} 14-8] 13-4] 57- 
| 25 11-4, 25-7/ 20-2} 19-0] 18-6] 19-2} 10-2] 05-8) 1859-8) 11-7] 57: 
| 26 aes 24-9} 19-6) 2... 20-5] 21-3) ... 04-619 00-8) ... 10-5 
27 12-0 25-5] 20-4} 18-6] 25-2] 20-3] 09-6] o4-2] ... 14-8] 11-0] ... 
28 12-9} 25-0) 17-7} 19-0] 23-0] ... 09-1} 04-6| 00-4) 15-1) 11-0) 56 
29 14-4, 23-9] 2... 18-8) 22-1; 14-8 08-9] 04-6/1859-5) 15-6] 11-7/* 55 
30 14-5 20-7 19-2) 21-8} 16-2) 08-4] O4-4) 59-0) 16-3 53° 
| 3h 18-8 21-0) 1... 23-3 08-1 15-8 52 
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- DIP: 3, Mean Dairy Vauues, 


for each Day of Géttingen Mean Time. 












































D. 1857. 
Date. | January. |February.| March. | April. May. | June. | July. August. Sept. | Oct. Nov. | Dee 
o t ° a ° ‘ ° ‘ 
1 19 03-7) 18 57-9 i oe +3119 06. sigs 7 +119 16-6 
2 01-7 56+7 “1 +2 06- ‘ 10-7 12-9 10:0 16-9 
3 tas 56-0 00-2 13-5 ; 12-4 16-2 
4 00-6 57-7 01-8 me 12-3 12-2 15-2 14-7 
5 00-8 59-0 01-6 5s Biot 12-1 12:5 hes 
6 01-2 58.2 01-7 Be 09-8) 11.2 11-1 15-1 
7 1859-7) ... ue B+ 10-9 11-3)... 15-5 
8 58-6 58.9 03-1 5 11-7 10-6 09-5) 15-0 
9 56-5 59-3 03. 11-9 09-8 11-8 14-7 
10 aoae 56-6) ... 06 13-5) 2... 11-3 14-8 
11 54-6 56-5 03-5 11-7 09-8 11-4 15-0 
12 54°3 56-5 02-8 a Bee 09.2 12-0 ae 
13 55-5 57-5 O44 10-9 08-9 lL] 12-2 
14 56-3 = 11-0 08-8) ... 12-0 
15 54-5 58-5 03°3 09-5 09-3 09-5 11-9 
16 55-0) 58-4 02-7 09-6 10-0/* 13-4 
17 “% 57-9 00-9 09-8)... 13-0)* 20-5 
18 55-6 57°7 00.4 09-5 08-7 13-8)* 17-2 
19 55-5 57-2 00-9 tsi 08-2 12.4) 2... 
20 54-3 577 01-6 06-8 07-8 11-7 14-1 
21 53-6 gh ‘4 * 06-9 07-1 oy 12.7 
22 53-5 58-1 00-3 01-3 06.2 10-3] 09-6 
23 55-4 58-6 01-2 18 59°3 06.2 11-4, 09-6 
24 ee 58-6 O1-4 19 01-0) .°. 12-4) 2... 
25 56-9 57-9 01-6 06-0) 05-7 11-9) 08-1 
26 57-8 58-6 03-0 ny 05.2 16:6) ... 
27 59.3 59-6 03-7 17:8 04-3 17-9|/* 08-0 
23 58-8}19 00-7) ... 16-5 03-7 17.7" 08-6 
29 58-3) 2. 03-0 14-6 O4-7) 0... | 06-6 
30 58-4) 2... 02-5 14.2 04-7 16-1 02-1 
31 01-0 | O1-4 
| | | | 
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DIP: 3, Mean Hourty Vauues ror cach Montu. 


A. 1854. 















































Gontingen January. | February. k . . Dec. Holnisy 
Mean Time. Civil Time. j 
9° ‘ ° ‘ ° ‘ ° i ° ‘ o ‘ oO ‘ °o ° f ° t 0 i °o ‘ hom 
Noon |18 47-5 |19 01-6 |19 00-3 /18 50-9 18 53-0 |18 57-6 118 57-1 {18 54-7 {18 50-3 |18 44-0 (18 38-9 /18 27-91 4 pw, 
1 47-3] 01-4/18 59-9] 50-4) 51-9] 57-5] 57-3) 54-4] 49-6] 43-5] 39-2] 282/512 , 
2 48-1] 02-011900-5} 51-0] 51-9] 57-4] 57-3] 54-3] 49-5] 43-8] 39-6] 26-9; 612 , 
3 48-9] 03-2| O1-3] 52-2] 53-4) 58-1! 57-6] 55-3) 50-1] 44-1] 39-9] 995/712 , 
4 49-5] 03-9] 02-2] 53-1) 53-9] 58-8] 58-3| 56-0] 50-7} 44-5) 40-0] 30-2/812 , 
5 49-9{ O4-3/ 02-8) 54-2) 54-2] 59-6] 58-9] 56-6] 51-0] 44-7/ 40-1] 30-8)9 12 , 
6 50-3| 04:9| 03-4] 54-9! 55-7/1900-2/ 59-1] 57-0] 51-6] 45-0] 40-2/ 31-3]/l0 2 , 
7 50-6) 05-2] 03-9] 55-5] 56-0) 00-8) 59-6] 57-4] 52-1] 45-2] 40-3] 31-8]11 12 . 
8 51-1] 05-8) 04:5] 56-0] 57-3/ 01-2] 59-9] 57-9| 52-4] 45-2] 40-4] 32-2] Midnight 
9 51-5| 06-2; 04-9] 56-4| 58-2} 01-4/19 00-1] 58-2 52-6] 45-3] 40-5] 32-2) 1 12a 
10 51-9] 06-5] 05-3) 56-8] 58-8] 01-7] 00-3] 58-6] 52.8] 45.4] 40-4] 32-8/212 , 
11 52-2| 06-8] 05-7] 57-1] 59-3) 02-1] 00-5] 59-1] 52-9] 45-6] 40-5] 33-0;3 12 . 
12 52-6]. 07-2] 06-2] 57-5] 58-6] 02-5] 00-6] 59-4] 53-2] 45-8] 40-5] 33-3/412 , 
13 53-1} 07-4] 06-4] 57-8/1900-5] 03-1] 01-0]1900-2| 53-5] 45-9) 40-8) 33-7/5 122 , 
14 53:4} 07-3} 06-9] 58-9] 01-5] 03-8) 02-4] 01-0] 54-4] 46-2] 40-8] 34-0)6 12 , 
15 53-7| 08-0] 07-6] 59-6] 01-4] 04-0] 01-4] 01-2] 54-8) 46-4! 40-8) 34-:3/7 12 . 
16 54-4| 08-5] 07-7] 58-6/1859-9| 02-9) 00-5) 00-3} 53-6) 45-8] 40-3) 35-1)8 12 » 
17 53-7} 08-1] 06-5| 56-9] 57-3] 01-4|1859-3/18 58-2} 51-9] 45-1] 40-2) 34-8/9 12 
18 51:7| 07-0] 04-7] 54-6] 54-1]1859-6] 57-9| 57-0] 50-7| 44-5] 39-6] 33-5/10 12 » 
19 49-9] 05-2] 02-8] 52-8] 54-0] 58-2] 56-6] 56-4 49.9| 43-9] 39-2] 31-9/11 12 » 
20 49-1| 03-7] 01-6{ 52-0] 53-1] 57-6] 56-0] 55-1! 49-9} 43-9] 38-9} 30-9] Noon 
21 48-7} 02-9] 01-3] 52-0] 53-1] 57-7| 56-0/ 55-2| 50-5] 44-0] 38-9] 30-1) 1 l2R™ 
22 48.2| 02-4] 01-3| 51-7] 53-0] 57-5] 56-2] 55-0] 50.6] 44-8] 38-8] 29-3)2 12 © 
| 23 46-5] 01-9] 00-7] 51-5| 51-5] 57-8] 56-4| 54-3| 49-0] 44-7] 38-6] 28-6/3 2 » | 
| ~ 


























GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 327 


DIP: 4, Mean Hourty Vatues For EAcH Montu. 


























B. 1855. 
ee January. |February. Peas 
oF o 1 

Noon {18 37-6 |18 46-0 -0 

1 37-6] 46-0 -0 

2 38-5| 47-3 3 7 

3 39-5| 47-6 5 5 

4 40-0] 48-3 “2 ai} 

5 40-7] 48-6 “7 8 12 

6 41-2| 49-0 4 “9 oD) 10 12 

7 .41-9] 49-4 8 “1 7 11 12 

8 42-0] 50-2 3 -0 1 Midnight 
9 42-4] 50-4 +5 3 :7 1 12 aM. 
10 42.9| 50-8 9 2 9 2 12 

ul 43.2) 50-8 +3 7-3 2 3 12 

12 43-5] 51-1 7 4 6 412 

13 43.9] 51-4 0 3 7 5 12 

14 44.2] 51-8 7 5 1 6 

15 44.6] 52-1 2 5 7 

16 46-3] 58-1 8 5 7 +4 8 8 

17 45-7) 52-4 2 5 +2 6 9 

18 44.2] 50-9 2 0 +2 -6 10 

19° 42.3] 49-0 “6 9 “7 3 11 

20 40-6 47-9 -0 “5 “6 1 Noon 
21 39-5| 47-2 9 “5 7 5 1 12 p.m. 
22 38-4] 46-7 3-1 -8 8 6 212 , 
23 37-8] 46-2 :7 “8 5-8 1 312 , 
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DIP: 4, Mean Hourny Vatves ror EAcH Monru. 


C. 1856. 
















































































Getnger January. |Februnry.| March. April. May. June. August. pal 
Mean Time. : Civil Time. 
Noon |19 07-719 18-9 19 13-8 [19 16-219 18-2 4/19 08-1 1 2 2 .1{19 00-7 ‘ 2 BM, 
1 07-9] 18-7] 13-7] 16-2] 18-2] 12-4] 08-2} 06-4) 01-3) 03-1] 12-4] O1-0] 519 , | 
2 08-5] 20-0] 14-4] 16-7] 19-0] 12-6] 07-8] 06-4] 01-7] 03-2) 13-0] 01-8] 612 , 
3 09-6} 21-0) 15-5) 17-7} 20-1] 13-2] 08-4} 06-6] 02.1] 03-4] 13-4] 022/712 , 
4 10-3) 21-8! 16-6] 18-5) 21-1) 14-1/ 08-7] 06-6) 02.1; 03-6/ 13-7] 02-5} 819 , 
5 10-8] 22.2) 17-2] 19-7) 21-8] 14-7] 08-8; 06-7] 02-1] 03-9} 13-7] 02-5]/9 12 , 
6 11-4) 23-2] 17-7) 20-4) 22-6) 15-2] 09-1} 06-8] 02.1] 04-2] 14-0] 02-6)10 12 , 
7 12-2) 23-3] 18-3] 21-2) 23-2) 16-0} 09-1) 06-7) o1-9] 04-1) 14-0) 02-7)l1 2 , I 
8 12-4) 23-6] 18-8] 21-6} 23-6) 16-4) 09-3) 06-7) 01-9) O4-2| 14-2] 02-7) Midnight 
9 12-8 24.0 19-4 22-0 24-0 16-4| “09-3 06-5 02-2 04-3 14-5] 02-7 1 2am.{ 
10 13-2] 94.3] 19-6] 22-3] 24-1] 16-7] 09-5] 06-5] o1-8] 04-5] 14.6] 02-8]2n , | 
11 13-6] 24.8] 19-9] 22-4] 24-6] 17-2! 09-5] 06-5] 01-8} O4-7] 14.7] 02-9} a 12 , 
12 14-0} 95.2] 20-1] 22-7] 24-6] 17-4] 09-6] 06-7] oO1-7| O4-7/ 14.8) 02-9] 412 , 
13 14-4} 95.5] 20-4] 23-0! 25-0] 17-8] 09-8] 06-7] 01-9] 04-8] 14-9] 03-0/5 12 ,, 
14 14-6) 95.7] 20-7| 23-8] 25-5] 18-3] 10-0] 06-8] 02-1] 05-1] 14-8} 02-9] 6 12 
15 15-3] 96.0] 21-3{ 24-0] 25.2] 18-3] 09-8] 06-8] 02-3] 05-1] 15-1] 03-1)712 , 
16 15-6 96-5 20-9 22-8 23-5 17-0 09-2 06-3 01-8 04-3 14-6 03-0) 812 , | 
17 14-0] 95.3) 19-2] 20-3] 21-5] 15-1] 08-5] 05-7] oO1-0] 03-4] 13-9] 02-3/9 12 , i 
18 11-0] 23.4] 16-8] 17-7] 19-8; 13-6] 07-7] 05-2] 00.3] 02-7) 12-9] O1-1)}10 12 » } 
19 09-5; 21.7) 15-2) 16-4] 18-8 12-3] 07-3} 05-1] 00-1} 02-5) 12-7) O0-4)11 12 » | 
20 08-8} 909.5) 14-5] 15-9] 18-2] 12-0] 07-9] 05-1] 00-1| 03-0] 13-0] 00:6} Noon | 
21 08-8) 20.2! 14-7| 16-3) 18-5) 12-0] 07-1| 05-1] 00-4] 03-5] 13-0] 00-7] 1 12 Pat} 
292 08-5; 19-8] 14-5) 16-3) 18-6} 12-6) 07-2) 05-3] 00-6) 04-0) 12-7 00-5} 212 . ! 
25 08-3) 19-3, 14-2] 16-0] 18-4) 12-3] 07-5 05-9 1 pe 
\, 
i 
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DIP: 4, Meaw Hourty Vatues ror Each Monvs. 


























































D. 1857. 
a | 
oe January. |February.| March. April. May. June. July. | August. ee 
o 4 ° oF hom 

Noon +6 ]19 00-8 4 9 8 -6 119 08-5 ‘9/19 11-2] 4 12 pm. 
1 .7| 00-7 4 9 8 4] 08-6 2] W7]5 12, 
2 4 01-2 2 7 8 6 08-6 +7) °12-2)6 12 ,, 
3 8 01-6 05-5 04-0 09-0 12.9 06-2 10-0 09-0 “4 12-5| 7 12 ,, 
4 3 01-7 05-8 04-0 09-3 13-3 06-6 10-3 09-0 6 12-6} 8 12 ,, 
5 4 02-3 06.2 04.2 09-6 13-4 07-0 10-3 09-3 “9 12-9} 9 12 ,, 
6 “5 02-4 06-4 04-4 09-8 13-7 07.3 10-4 09-1 4 13-0)10 12 ,, 
7 8 02-9 06-5 04:3 09-8 13:8 07-6 10-4 09-1 4 13-2/11 12. ,, 
8 0 02-9 06-4 04-9 09-9 14:0 07-7 10-4 09-0 2 12-9] Midnight 

9 9 03-0 06-8 05-2 10-0 14-4 07-8 10:4 09-1 2 13-0] 1 12 a.m. 
10 0 03-3 07-1 05-4 10-2 14:5 08-0 10-5 08-9 13-3 12-9] 2 12. ;, 
11 ‘1 03-5 07-1 05-3 10-3 14-8 08-2 10-5 09-0 13-3 13-0; 3 12 ,, 
12 3 03-7 07-3 05-4 10-7 15-0 08-4 10-6 09-0 13-5 13-1; 4 12 ,, 
13 58- 59-5 03-7 07-5 05-7 10-9 15-4 08-7 10-7 09-1 13-6 13-2) 5 12 ,, 
14 58- 59-5 03-8 07-6 06-5 11:3 15-3 09-2 10-9 09-0 13-6 13-2] 612 ,. 
15 59-1119 00-0 03-9 08-1 06-2 10-5 15-4 09-1 11-3 09-0 13-7 13-6/ 7 12 ,, 
16 59. 00-2 03-1 06-2 03-2 09-6 14-5 08-0 10-6 08-3 13-1 13-4] 8 12 ,, 
17 58-5118 59-3 02-0 04-4 03-0 08-5 13-4 06-3 09-6 07-9 12-0 12-3/9 12 ,, 
18 56. 57-9 00-5 03-6 02-0 07-4 12.2 05-2 08-9 07-3 10-9 11-4]10 12 ,, 
19 55. 56-5 |18 59-8 02-8 01-4 06-7 11-8 04-4 08-6 07-0 10-2 10-011 12. ,, 
20 54. 55-7 59-8 03-1 01-7 06-8 11-8 04-2 08-8 07-2 10-5 10-4 Noon 

21 54: 55-6 |19 00-2 03-8 02-4 QO7-1 12-0 04-3 09-0 07-6 11-0 11-5] 1 12 pm. 
22 54- 55-5 00-6 04-1 03-0 08-0 12-5 04-7 09-3 08-0 10-9 11-5) 2 12 ,. 
23 55 - 55-7 01-3 04-7 03-4 08.2 12-7 05-1 09-7 08-4 11-1 10-4| 3 12. ,, 

a Le | 
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IV. VERTICAL INTENSITY. 


VERTICAL INTENSITY: 1, Mean Yearty Vatuuts. 








Absolute | Absolute 














Vertical Year. Vertical 
Intensity. Intensity. 





+731 





| 2-627 2.785 
2.603 2-743 
2.707 2-758 
2-790 2.791 

9.751 2-778 
| 

































English Units. , 

Month. 

1854. 1855. 1856. | 1857, 
January | 2-740 | 2-701 | 2-792 | 2-751 | September 2-764 | 2-786 
February | 2-776 |~2-722 | 2-821 | 2-753 | October 2-768 | 2-781 
March 2-771 | 2-740 | 2-806 | 2-767 || November 2-798 | 2-791- 
April 2-747 | 2-751 | 2-811 | 2-775 || December 2-767 | 2-793 
May 2-751 | 2-750 | 2-817 | 2-774 Mean of Winter? 2.792 | 9.772 
June 2-761 | 2-734 | 2-797 | 2-787 
July 9.757 | 2.746 | 2-782 | 2-798 | Meanof Summer?) 2-7: 2-791 | 2-783 
July 2.7! . 
August 2-753 | 2-796 | 2-776 | 2.782 aa of the Year| 2-743 | 2-758 | 2-791 | 2-778 

















January, February, March, 


1 Winter = 

Winter October, November, December. 
os April, May, June, 

Summer = July, August, September. 
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VERTICAL INTENSITY: 3, Mean Dany Vauues, 


for each Day of Gottingen Mean Time. 


A. 1854. 








Date. 








1 

2 1 

3 i 

4 

5 

6 : 

Te vie ce i 

8 2. Q. 

9 2. 2. etnias 2: £4 
10 2-725 | 2-780 2.738 | 2-725 | 2.693 | 2-697 | 2.696 
ll 2-729 see 9.742 |*2-721 | 2.692 ata 2-691 
12 2-735 | 2-779 Scans 2-716 | 2.689 | 2-702 | 2.687 
13 2:736 | -2-777 2-752 | 2.712 | 2.688 | 2-704 | 2-686 
4 1. | 2-786 2.757 | 2-715 | ... | 2-702 | 2-691 
15 2-744 | 2-789 754 | 2-795 -685 | 2-702 | 2-691 
16 2.744 | 2.790 

7 2-742 | 2-787 
18 2-741 nae aia 

19 | 2.740 | 2-778 ae -731 | 2.721 | 2-697 

20 2-739 | 2-774 2-751 -741 2-697 

21 ... | 2-776 2.750 | 2-746 | ... | 2-697 

22 2-742 | 2-778 2.755 | 2-756 | 2.715 | 2-696 

23 2-755 | 2-776 2.788 ... | 2-750 | 2-698 

24 2-750 | 2-773 2.756 | 2-754 | 2.749 | 2-713 

25 2-748 | 2-770 2-754 | 2-759 | 2-746 | 2-710 

2: 9. 2. 
2. 








January. 


















August. 


































* Abnormal day, or a day on 


which this 4@ement was disturbed. 
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VERTICAL INTENSITY: 3, Mean Datty Vatves, 


for each Day of Gottingen Mean Time. 


B. 1855. 






















Date. | January. |February.| March. | April. May. August. 























— 
m ODOC DWN OTP WON = 












































gon 
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VERTICAL INTENSITY: 3, Mean Dainty Vatuss, 


for each Day of Gottingen Mean Time. 



























































C. 1856. : 
——-= 
Date. | January. |February.| March. | April. | May. June. July. August. Sept. Oct. Nov. 
1 2-785 | 2-816 Bing 2-810 | 2-809 ste 2-816 | 2-782 | 2-769 | 2.754 on 2- 
2 2-787 Tate 2-820 | 2-811 | 2-809 | 2-826 | 2-813 2-767 | 2-753 | 2-804 | 2 
o 2-786 | 2-819 | 2-818 | 2-809 eee 2-823 | 2-796 | 2-782 | 2-767 | 2-750 | 2-804 } 2. 
4 2-788 | 2-823 | 2-815 | 2-810 | 2-810 | 2-812 | 2-785 | 2-778 | 2-766 as 2-800 | .2 
5 2-791 | 2-824 | 2-814 enn 2-810 | 2-806 Oe 2°77 2-765 | 2-747 | 2-797 | 2 
6 sia pa 2-818 | 2-809 | 2-808 | 2-814 | 2-800 | 2-771 | 2-778 ad 2-745 | 2-796 Side 
7 2-787 | 2-818 | 2-819 | 2-809 | 2-813 SP 2-762 | 2-776 | 2-764 | 2-745 | 2-781 | 2- 
2-784 | 2-818 i, 2-807 | 2-814 | 2-802 | 2-759 | 2-776 | 2-764 | 2-745 hss 2 
9 2-788 lage 2-801 | 2-803 | 2-815 | 2-809 | 2-768 ols 2-763 | 2-745 | 2-794 | 2 
10 2-788 | 2-819 | 2-800 | 2-804 Nae 2-793 | 2-769 | 2-774 | 2-762 | 2.744 | 2-798 | 2 
ll 2-785 | 2-818 | 2-798 | 2-802 | 2-820 | 2-778 | 2-775 | 2-774 | 2-762 beats 2-800 | 2- 
12 mosis a8 2-816 | 2-799 Sates 2-818 | 2-768 at 2-774 | 2-763 |*2-743 | 2-801 | 2 
13 2-789 | 3-819 | 2-792 | 2-805 | 2-818 | 2-771 | 2-774 | 2-772 ne 2-744 | 2-804 : 
14 2-790 | 2-821 | 2-791 | 2-806 | 2-819 ees 2-784 2-761 | 2-744 | 2-802 | 2. 
15 2-791 | 2-822 OMe 2-803 | 2-820 | 2-781 | 2-779 | 2-773 | 2-762 | 2-743 ee ase 2 
16 2+792 i done 2-790 | 2-808 | 2-820 | 2-786: | 2-773 “tte 2-761 | 2.744 | 2-801 | 2-770 
17 2-790 | 2-820 | 2-790 | 2-812 S fos 2-785 | 2-775 | 2-778 | 2-759 | 2.748 | 2-801 | 2-766 
18 2-796 | 2-819 | 2-795 | 2-814 | 2-825 | 2-781 | 2-780 | 2-778 | 2-757 ea 2-800 | 2-765 
19 2-815 | 2.805 ae 2-824 | 2-780 aan 2-777 | 2-757 | 2-767 | 2-799 | 2-76 
20 2-789 | 2-816 2-820 | 2-820 | 2-783 | 2-781 | 2-777 ee 2-779 | 2-800 as 
21 2-796 | 2-818 2-823 | 2-822 ig 2-787 | 2-776 | 2-770 | 2-786 | 2-799 | 2-762 
22 2-793 | 2-820 sae 2-821 | 2.813 | 2-792 | 2-781 | 2-775 | 2-769 | 2-791 ane 2-757 
23 2-795 | 2-829 | 2-809 | 2-818 2-794 | 2-783 2-764 | 2-794 | 2-797 | 2-756 
24 2-793 ope re 2-810 | 2-812 ease 2-805 | 2-786 |*2-774 | 2-761 | 2-797 | 2-796 +756 
25 2-795 | 2-829 | 2-814 | 2-810 | 2-812 | 2-810 | 2-786 | 2-772 | 2-759 2-792 | 2 
26 es 2-827 | 2-812 eh 2-816 | 2-816 ati 2-770 | 2-759 6 tes 2-789 
27 2-796 | 2-827 | 2-810 | 2-810 | 2-827 | 2-810 | 2-785 | 2.770 ee 2-801 | 2-790 
28 2-796 | 2-827 | 2-807 | 2-810 | 2-820 Backs 2-784 | 2-771 | 2-760 | 2-801 | 2-79 | 2 
29 2-801 | 2-826 ors 2-810 | 2-818 | 2-794 | 2-784 | 2-770 | 2-757 | 2-803 | 2-791 |*2 
30 2-802 ... | 2-812 | 2-810 | 2-817 | 2-802 | 2-783 | 2-770 | 2-755 | 2-805 ed eh 2- 
51 2-811 ee | 2-815 2-821 2-782 
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VERTICAL INTENSITY: 3, Mean Darty Vatuzs, 


for each Day of Gottingen Mean Time. 









































































; D. 1857. 
January. |February. July. August. 
1 2. satin 2. 8 2.789 2. Q. 
2 2-765 | 2-748 | 2-762 2-788 | 2-780 | 2-798 | 2-790 2. 2-806 
3 ... | 2-746 | 2-762 2-786 | 2-781 | 2-793 *2.791 | ... | 2-785 | 2-805 
4 2-761 | 2-750 | 2-765] ... 2-783 |... ... [2.789 | 2-793 | 2-791 | 2-803 
5 2-761 | 2-753 | 2-766 | 2-776 2-783 | 2-785 | 2-795 | ... | 2-791 | 2-786]... 
6 2-762 | 2.752 | 2-765 | 2-776 ... | 2-786 | 2-796 | 2-786 | 2-791 | 2-784 | 2-802 
7 2-758 | .. re 2-776 2-786 | 2-788 | 2-792 | 2.787 | 2-789 | ... | 2-804 
8 2-755 | 2-755 | 2-769 | 2-777 2-787 | 2-788 | ... | 2-790 | 2-788 | 2-783 | 2-803 
4 2-751 | 2-754 | 2-769 2-790 | 2-785 | 2-790 | 2-790 | 2.787 | 2-784 | 2-802 
10 eons [COeRATE | Ses 2-780 2-790 | 2-785 | 2-790 | 2-793 | ... | 2-785 | 2-802 
11 2-745 | 2.748 | 2-769 | ... 2-795 | ... | 2-787 | 2-789 | 2.787 | 2-787 | 2-802 
12 2-744 | 2-749 | 2-769 | 2-780 2-793 | 2-789 | 2-780 | ... | 2-785 | 2-789] ... 
13 2-746 | 2-751 772 | 2-779 ... | 2-795 | 2-777 | 2-789 | 2-785 | 2-789 | 2-796 
} 14 2-748] ... oe 2-777 2-792 | 2.800 | ... | 2-788 | 2-785 | ... | 2-795 
| 15 2-745 | 2-754 | 2-770 | 2-777 2-793 | 2.802 | ... | 2-783 | 2.785 | 2-788 | 2-795 
| 16 2-743 | 2-753 | 2.770 | 2-775 2-793 | 2.803 | 2-784 | 2-784 2-789 |*2+795 
yo 17 . ++ | 2-753 | 2-763 | 2-774 2-793 | 2-802 | 2-785 | 2-785 | ... | 2-793 (2-798 
18 2-745 | 2-753 | 2-762 Aan 2.794 oe 2-781 | 2-784 | 2-790 | 2-794 |*2-799 
19 2-744 | 2-752 | 2-764 | 2-781 2-787 | 2-802 | 2-780 ar 2-779 | 2-795 | ... 
20 2-742 | 2-753 | 2.766 | 2-787 na 2.804 | 2-779 | 2-779 | 2-778 | 2-794 | 2-795 
21 2-741 | 2... 2. | 2-784 2-779 | 2-808 | 2-778 [*2-774 | 2-776 | -+~ | 2-792 
22 2-741 | 2-755 | 2-762 | 2.781 2-784 | 2-811 | ... | 2-762 | 2-774 | 2-791 | 2-785 
23 | 2.744 | 2-756 | 2-766 | 2-782 | .. 2-788 | 2-807 | 2-767 | 2-757 | 2-773 | 2-792 | 2-783 
4 2d ... | 2-757 | 2-766 | 2-780 | 2. 2-787 | 2-808 | 2-767 | 2-761 | ... | 2-792 | --- 
| 25 2-747 | 2-756 | 2-766] .. 2. 2.782 | ... | 2-767 | 2-776 | 2.772 | 2 793 | 2-782 
26 2-749 | 2-757 | 2-770 | 2-779 | 2. 2-781 | 2.806 | 2-770 | ... 2-771 | 2-805 | .-- 
27 | 2-753 | 2-758 | 2-772 | 2-779 | 2- _.. | 2-816 | 2-773 | 2-807 | 2-769 | 2-808 |*2-780 
| 28 2-752 | 2-762 | ... | 2-778 | 2-779 | 2-780 | 2-818 | 2-775 | 2.804 | 2-769 | 2-808 |*2-780 
| 29 2-751; ... | 2-769 | 2-776 | 2-775 | 2-780 | 2-813 | 2-777 | 2-800 | 2-768 | .-- | 2°77 
; 30 | 2-752]... | 2-768 | 2-775 | 2-776 | 2-779 | 2-807 _. | 2-795 } 2-767 2-806 ee | 
| 2-766 | 2-805 | 2-783 2-769 
ite ks ad es ao PSE 1 : 7 
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A. 1854. 
>] 
ae January. |February.| March. August. Dec. ee 
| Noon | 2-731 | 2-767 | 2-762 | 2-738 | 2-741 | 2-754 | 2- : 2 2-716 | 2-716 | 2-677 | 4 ipa. 
1 2-730 | 2-766 | 2-761 | 2-736 | 2-740 | 2-754 | 2-752 | 2.735 | 2-731 | 2-715 | 2-717 | 2-677 | 5 12 
y 2-733 | 2-767 | 2-762 | 2-737 | 2-739 | 2-753 | 2-753 | 2-735 | 2-730 | 2-715 | 2-717 | 2-677 | 6 12 | 
3 2.734 | 2-770 | 2-764 | 2-740 | 2-742 | 2-755 | 2-753 | 2-737 | 2-731 | 2-715 | 2-717 | 2-680 | 712 , 
4 2-735 | 2-772 | 2-766 | 2-742 | 2-745 | 2-757 | 2-754 | 2-739 | 2-733 | 2-716 | 2-718 | 2-682 | 8 12 ,, 
5 2.736 | 2-773 | 2-768 | 2-745 | 2-747 | 2-759 | 2-756 | 2-740 | 2-734 | 2.717 | 2-719 | 2-683 | 9 12... | 
6 2-738 | 2-774 | 2-770 | 2-747 | 2-750 | 2-761 | 2-757 | 2-742 | 2-736 | 2.718 | 2-719 | 2-685 |10 12 
7 2-738 | 2-776 | 2-771 | 2-749 | 2.752 | 2-762 | 2-758 | 2-743 | 2-737 | 2.718 | 2-719 | 2-686 11 12 ,. 
8 9-740 | 2-777 | 2-773 | 2-750 | 2-754 | 2-763 | 2-759 | 2-744 | 2-738 | 2.719 } 2-720 | 2-687 | Midnight 
2-741 | 2-778 | 2-774 | 2-751 | 2-756 | 2-764 | 2-759 | 2-745 | 2-738 | 2.719 | 2-721 | 2-688 | 1 12 a.m. | 
10 2.742 | 2-780 | 2-775 | 2-752 | 2-758 | 2-765 | 2-760 | 2-746 | 2-739 | 2.719 | 2-720 | 2-689 | 212 ,, | 
11 2-743 | 2-780 | 2-776 | 2-754 | 2.759 | 2-768 | 2-761 | 2-747 | 2-740 | 2-720 | 2-721 | 2-690 | 3 12, 
12 2.744 | 2-781 | 2-777 | 2.755 | 2-760 | 2-769 | 2-761 | 2-748 | 2-740 | 2.721 | 2.721 | 2-690 | 412 ,. 
13 2.746 | 2-782 | 2-775 | 2.756 | 2-762 | 2-770 | 2-762 | 2-750 | 2-741 | 2.721 | 2-721 | 2-692 1512 ., } 
14 2-747 | 2.783 | 2-779 | 2.758 | 2-765 | 2-773 | 2-764 | 2-752 | 2-744 | 9.722 | 2.721 | 2-693 |6 12 ,, 
15 2-747 | 2-784 | 2-781 | 2-760 | 2-765 | 2-773 | 2-763 | 2-753 | 2-743 | 2.723 | 2.722 | 2-694 | 7 12 
16 2-751 | 2-786 | 2-783 | 2-758 | 2-762 | 2-771 | 6-762 | 2-751 | 2-737 | 2.722 | 2-723 | 2-696 | 8 12 , | 
7 2-749 | 2-786 | 2.781 | 2-754 | 2-754 | 2-768 | 2-759 | 2-746 | 2-738 | 2.721 | 2-722 | 2-696 | 9 12 ,, | 
18 2-745 | 2-784 | 2-770 | 2-749 | 2-752 | 2-764 | 2-757 | 2-744 | 2-736 | 2.720 | 2-721 | 2-693 }10 12, 
19 2-740 | 2-779 | 2.772 | 2.748 | 2-749 | 2-761 | 2-754 | 2-742 | 2-734 | 2.719 | 2-720 | 2-689 Jl11 12 .. | 
20 2.738 | 2.776 | 2-769 | 2-742 | 2-747 | 2-759 | 2-752 | 2-739 | 2-734 |] 2.718 | 2-719 | 2-687 Noon | 
2] 2-737 | 2-773 | 2-767 | 2.742 | 2-747 | 2-759 | 2-751 | 2-739 | 2-735 | 2-718 | 2-718 | 2-684 | 1 12 P.M. 
220 2-735 | 2-771 | 2-765 | 2-740 | 2-745 | 2-750 | 2-751 | 2-738 | 2-734 | 2.721 | 2-717 | 2-681 | 212 .. | 
| 23 2-733 | 2-768 | 2-764 | 2-739 | 2-743 | 2-758 | 2-751 | 2-737 | 2-734 | 2-719 | 2-716 | 2-679 | 312, 
Mase Se 
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B. 1855. 
Pat) 
r 
ae January. |February.! March, | April. May. June. July. | August. | Sept. Oct. Dec arn : 
Noon | 2-691 | 2-714 | 2-732 | 2-743 | 2.740 | 2-799 | 2-744 | 2-793 | 2-788 | 2-769 | 2-781 | 9-781 | 4 12 va 
1 2-690 | 2-713 | 2-732 | 2-741 | 2-740 | 2-726 | 2-744 | 2-792 | 2-786 | 2-769 | 2.780 | 2-781 | 5 1 
2 2-692 | 2-714 | 2-731 | 2-743 | 2-740 | 2-727 | 2-744 | 2-792 | 2.785 | 2-770 | 2.782 | 2-783 | 6 12 rs 
3 2-694 | 2-716 | 2-734 | 2-745 | 2-743 | 2-729 | 2.744 | 2.793 | 2-788 | 2.772 | 2-784 | 2.784 17 19 is 
4 2-696 | 2-718 | 2-736 | 2-747 | 2-746 | 2-730 | 2-744 | 2-794 | 2-789 | 2-774 | 2.785 | 2-786 | 8 12 » 
5 2-698 | 2-720 | 2-737 | 2-749 | 2-748 | 2-729 | 2.744 | 2-794 | 2-791 | 2-776 2-786 2-787 912 , 
G 2-699 | 2-720 | 2-739 | 2-750 | 2-750 | 2-734 | 2-745 | 2-795 | 2-793 | 2-777 | 2-788 | 2-789 |10 12 ,, 
7 2-700 | 2-721 | 2-741 | 2-752 | 2.752 | 2-736 | 2-745 | 2-796 | 2-794 } 2-777 | 2-789 | 2-790 |11 12 ,, 
8 2-701 | 2-723 | 2-742 | 2.753 | 2-753 | 2-737 | 2-745 | 2-797 | 2-795 | 2-779 | 2-790 | 2-791 Midnight | 
9 2.703 | 2.724 | 2-742 | 2.754 | 2-755 | 2-738 | 2-746 | 2.797 | 2-796 | 2-781 | 2-791 | 2-792 | 1 12 Aa 
10 2-704 | 2-725 | 2-743 | 2.755 | 2-756 | 2-738 | 2-746 | 2-798 | 2-796 | 2-782 | 2-792 2-793 212 , 
HW 2-704 | 2-726 | 2-744 | 2-756} 2.757 | 2-738 | 2-746 | 2.798 | 2-797 | 2-782 | 2.793 | 2-794 }3 12 , 
12 2-706 | 2.727 | 2-745 | 2-757 | 2-758 | 2-739 | 2-747 | 2-799 | 2-798 | 2-783 | 2.794 | 2-795 | 412 , 
13 2-707 | 2-728 | 2-746 | 2.758 | 2-760 | 2-740 | 2-746 | 2-800 | 2-799 | 2-784 | 2.795 | 2-795 | 512 , 
14 2-708 | 2-729 | 2-748 | 2-761 | 2-762 | 2-742 | 2-747 | 2-801 | 2-801 | 2-785 | 2-796 | 2-796 6 12 » 
15 2-708 | 2-730 | 2-749 | 2.762 | 2-763 | 2-742 | 2-747 | 2.802 | 2-802 | 2-786 | 2.797 | 2-798 | 7 12 y 
16 2-712 | 2-732 | 2-749 | 2-758 | 2-759 | 2-741 | 2-748 | 2-800 | 2-799 | 2-785 | 2.797 | 2-799 | 812 , 
V7 2-713 | 2-731 | 2-745 | 2-753 | 2-753 | 2-736 | 2-748 | 2.798 | 2.794 | 2-783 | 2-796 | 2-796 | 9 12 , 
18 2-709 | 2.728 | 2-742 | 2.751 | 2-749 | 2-729 | 2-748 | 2-796 | 2-791 | 2-778 | 2-792 | 2-791 |10 12 
19 2-704 | 2-723 | 2-739 | 2-746 | 2-747 | 2-730 | 2-747 | 2.796 | 2-789 | 2-775 | 2-790 | 2-789 |11 12 » 
20 2-700 | 2-721 | 2-737 | 2-745 | 2-745 | 2-728 | 2-747 | 2.795 | 2-789 | 2-775 | 2-789 | 2-789 Noon 
21 2-697 2-718 2-735 | 2-745 | 2-744 | 2-728 | 2-747 | 2-795 | 2-790 | 2-775 | 2-787 | 2-787 | 1 12 PM 
22 2.694 | 2-717 | 2-735 | 2-745 | 2-743 | 2-728 | 2-747 | 2-795 | 2-791 | 2-773 | 2-785 | 2-786 | 2 12 » 
25 2-692 } 2-715 | 2-734 | 2-745 | 2-742 | 2-728 | 2-746 | 2-795 | 2-790 | 2-773 | 2-783 | 2-784] 3 2 ou 
| 
i I J 
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Mean Time. 
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July. 
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Dec. 
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D. 1857. 





























































= 
| Gattingss January. | February.) March. August. Bombay 
Mean Time. Civil Time. 
Noon 2-748 | 2-750 | 2-764 | 2-774 | 2-773 | 2-786 | 2- 2. 2. 2-782 | 2-787 | 2-791 4 12 P.M. 
2-748 | 2.750 | 2-763 | 2-772 | 2-772 | 2-785 | 2- 2. 2. 2-781 | 2-787 | 2-792 | 5 12 ,, 
2-748 | 2-750 | 2-764 | 2-772 | 2-771 | 2-784 | 2. 2- 2. 2-780 | 2-788 | 2-792 1612 ,, 
2-749 | 2-750 | 2-764 | 2-772 | 2-770 | 2-785 | 2- 2: 2. 2-780 | 2-789 | 2-792 | 712 ,, 
2-750 | 2-751 | 2-764 | 2-773 | 2.772 | 2-785 | 2- 2. 2. 2-780 | 2-790 | 2-792 | 8 12 ,, 
2-750 | 2-752 | 2-766 | 2-774 | 2.773 | 2-785 | 2- 2+ 2- 2-780 | 2-790 | 2.792 | 9 12 ,, 
2-751 | 2-752 | 2-766 | 2-774 | 2.773 | 2-786 | 2- 2. 2. 2-781 | 2-791 | 2-793 |10 12. ,, 
| 2.751 | 2-753 | 2-767 | 2-775 | 2-774 | 2-787 | 2- 2. 2. 2-781 | 2-791 | 2-793 |11 12 ,, 
2-751 |.2-753 | 2-767 | 2-775 | 2-775 | 2-787 | 2- 2- 2- 2-781 | 2-791 | 2-793 | Midnight 
2-752 | 2-753 | 2-768 | 2-776 | 2-775 | 2-788 | 2- 2: 2. 2-781 | 2-791 | 2-793 | 1 12 am 
2-752 | 2-753 | 2-769 | 2-776 | 2-776 | 2-788 | 2-799 | 2-784 | 2-786 | 2-781 | 2.792 | 2-793 | 212 ,, 
2-752 | 2-754 | 2-769 | 2-776 | 2-776 | 2-788 | 2-800 | 2-784 | 2-786 | 2-781 | 2-792 | 2-794 | 312 , 
2-752 | 2-754 | 2-769 | 2-777 | 2-776 | 2-789 | 2-800 | 2-785 | 2-787 | 2-781 | 2-792 | 2-794 | 412 ,, 
2-753 | 2-755 | 2-769 | 2-777 | 2-777 | 2-790 | 2-802 | 2-786 | 2-787 | 2-781 | 2-793 | 2-794 | 5 12 , 
2-753 | 2-755 | 2-770 | 2-779 | 2-779 | 2-791 | 2-803 | 2-787 | 2-787 | 2.781 | 2-793 | 2-794 | 612 , 
2-754 | 2-756 | 2-771 | 2-779 | 2-779 | 2-791 } 2-803 | 2-787 | 2-788 | 2-781 | 2-794 | 2-795 | 7 12 , 
2-755 | 2-758 | 2-770 | 2-777 | 2.776 | 2-789 | 2-801 | 2-785 | 2-787 | 2-781 | 2-794 | 2-796 | 8 12 4 
2-755 | 2.757 | 2-769 | 2-774 | 2-773 | 2-787 | 2-800 | 2-782 | 2-786 | 2-781 | 2.792 | 2-795 |9 12 , 
2-752 | 2-756 | 2-767 | 2-772 | 2-772 | 2-785 | 2-798 | 2-781 | 2-786 | 2-782 | 2-791 | 2-794 }10 12 ,, 
2.748 | 2.753 | 2-765 | 2-772 | 2-771 | 2-784 | 2-797 | 2-779 | 2-785 | 2-782 | 2.790 | 2-792 }11 12 ,, 
2-747 | 2-751 | 2-765 | 2-772 | 2.772 | 2-784 | 2-797 | 2-779 | 2-786 | 2-782 | 2.790 | 2-792 Noon 
2.747 | 2-750 | 2-766 | 2-773 | 2.773. | 2-785 | 2-798 | 2-779 | 2-786 | 2-782 | 2-790 | 2-791 | 1 12 PM. 
-747 | 2-749 | 2-766 | 2-774 | 2-774 | 2-785 | 2-798 | 2-780 | 2-786 | 2-782 | 2-789 | 2-791] 2 12 » 
2-747 | 2.749 | 2-765 | 2-774 | 2.774 | 2-785 | 2-797 | 2-779 2.786 | 2-782 | 2-789 | 2-790 | 3 12 » 
iscpiceah asa Shee Sate eel 
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Month. 


January 
Tebruary 
March 
April 
May 
June 
July 
August 














V. 


TOTAL INTENSITY: 1, Mean Yearty Vauves. 


TOTAL INTENSITY. 








Year, 


1847 
1848 
1849 
1850 
1851 
1852 





TOTAL INTENSITY : 
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Total Total 
Intensity. Intensity. 
8-368 8-470 
8-355 1854 8-455 
8-400 1855 8-461 

oe 1856 8-489 
8.429 1857 8-493 
8-450 | 





| 








September 





2, Mean Montruity VaLues. 


+489 
+489 
-490 


October 
November 







December 





+483 
+493 
+496 


Mean of Winter! 


Mean ofSummer? 


ocmwmmmMmmem @w 


Mean of the Year 











‘Winter = } 


2 Suamer = 


January, February, March, 
October, November, December. 
April, May, June, 

July, August, September. 

















340 . MAGNETIC OBSERVATIONS. 


TOTAL INTENSITY: 3, Mean Hourty Vanues ror Each YEAR. 





Yearly Total Intensity. 











Gottingen Bombay 7 
Mean Time. Civil Time. fae ea 
hom 4 

Noon 4 12 pM. 8-452 8-458 8-489 8.494 
\ 512 ,, 8-451 8-456 8-487 8-491 

2 612 , 8-451 8-455 8-484 8-489 
3 712 8-450 8-455 8-484 8-488 
4 812 ,, 8-451 8-456 8-483 8-488 
5 912 , 8-451 8-456 8-484 8-487 
6 10 12 ,, 8-452 8.457 8-484 8.488 
7 1112 ~,, 8-453 8.458 8-484 8-488 
8 Midnight 8-454 8-459 8-485 8-489 
9 1 12 a.m. 8-454 8-459 8-486 8-490 
10 212 ,, 8-455 8-459 8-486 8-490 
11 312 , 8-456 8-460 8-486 8.490 
12 a1: 3 8-456 8-461 8-487 8-490 
13 Ble. 8-457 8-461 8-487 8-490 
14 612, 8-457 8-462 8-489 8-491 
15 712 8-458 8-463 8.489 8-492 
16 ao 8-459 8-464 8-493 8-495 
17 9 12 8.461 8-466 8-498 8-499 
18 1012 8-462 8-466 8-501 8-502 
19 1.42 > 8-462 8-467 8-502 8-504 
20 Noon 8-461 8-465 8-500 8-504 
21 1 12 pm. 8-460 8-464 8-497 8-502 
22 2712 8-457 8-462 8-495 8-500 
23 8°12". 8-453 8-459 8-493 8-497 











1 In this, as in all the preceding tables “Midnight” and “Noon” is written for Oh 12™ a.m, and Oh 12m p.m, 


in order more clearly to mark the divisions of day and night. 


SECTION V. 
MAGNETIC STATIONS. 


A. INDIA. Group VJI. Kaimaon and Garhval. 


Group I. Assdm and Khassia Hills. Group VIO. Simla to Hazara. 


Group II. Delta of the Ganges and Brahmapttra. b. Tibet. 
Group LJ. Valley of the Ganges and its Tributaries. 
Group IV. Panjab, Sindh, and Kich. 

Group V. Central and Southern India. 


Group IX. Gnari Khorgum. 
Group X._ Ladak. 

Group XI. Balti and Haséra. 

B. WIGH ASIA. 

a. Himalaya. 

Group VI. Bhutan to Nepal. Group XII. Turkistan. 


ce. Karakorim and Kuentien, 


A. INDIA. 
GROUP I. 
ASSAM AND KHASSIA HILLS. 
Dibrugarh. — Tézpur. — Udelgari.— Gohatti.—Chérra Panji. 


No. 1. Disrucdru, 1x Upper AssAm. 


Latitude North. Longitude’ East Green. Height. 
27° 32’ oO" 94° 57’ 35" 395 feet. 


Under trees at a short distance from the left bank of the Brahmaputtra, near the 
building called “namgarh”. See p. 128. 
Observer: Hermann. 
DECLINATION. 


1856, February 5, 55 10™ p.at. local time. Collimator 1; ‘Theodolite 3, Troughton; Chron 3. 


Magnetic meridian «2... ee ee 261 33-5 
True meridian (see p. 130)... 00. ee ee 260 47-1 
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INTENSITY. 


1. Horizontay Inrensiry. 
7 A. Vibration." 
1856, February 6, 2" p.m. local time. 


° ° 
D1 20-1 C., 68-2 Fahr. 
fq i d Temp. , 
Magnet mibrate D1 with ring. em: | 90.4 C., 68-7 Fahy. 


Chron. FI, losing 0°-2. 





Without With Without With 

ring. ring. Ting. | ring. 

No. of vibrations ...... 400 220 Time of 1 vibration ..... 2-814 |; 7-518 
; beginning .... 129-5 132 q = 0-00020| 0.00020 

Semiare “ 

ending ...... 49-5 110 p = 0-00017 | 0-00017 

Torsion (90°)... 2.0.5... 0' 0’ Time of 1 vibration corr... 2-821 | 7-587 

log K, = 0-43858 log K = 0-43821 


log mX = 0-53157 


B. Deflection. 
1856, February 6, 1° 30™ p.m. local time. 
Magnets: Deflecting L1, deflected H 21. 
Deflection bar: H2. Distances: 1 foot. Temp.: 19°-1 C., 66°-4 Fahr. 


: 1 foot. 1 foot. 
Ug = 6° 46' 55” Temp. of magnet 19°-1C., 66°-4 Fahr. 
uw = 0-00017 q = 0-00020 
log x = 8-75489 
m = 0-4398 X = Horizontal Intensity = 7-733 


2. Dr. 
1856, February 5, 11" a.m. local time. 
Dip needle: No.2. Temp: 16°-5 C,, 61°-7 Fahr. 
End A. 


° # 
Face to instrument 38 19-1 ot 
7 ie Mean a = 38 24-4 
Face reversed ... 38 29-7 


' In order to expose our standard chronometers as little as possible, we used for the vibration chronometers 
“H™ and “A” by Dent, and 5 by Grant, their rate being referred, by comparison, to the standard chronometer. 


Compare p. 283. 
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End B. 
. °o a " 
Face to instrument 38 39-0 M a8 an 6 
au = § 5. 
Face reversed ... 38 32-2 ie ae : 


Mean of the dip = ote = 38 30-0 


Dip corrected for error of needle... . 38 30-35 
3. VerticaL INTENSITY ....,........ 6-150 
4. Toran Intensity ............... 9-882 


No. 2. Tizpun, in AssAm. 


Latitude North. Longitude East Green. Height. 
36° 34' 35” 92° 46’ 45” 239 feet. 


On alluvial soil, right bank of the Brahmapttya in the vicinity of the circuit 


bangalo. See p. 130. 
Observer: Hermann. 


DECLINATION. 
1856, January 25, 8" a.m. local time. Collimator 1; Vheodolite 3, ‘Troughton; Chron. 3. 
Magnetic meridian... 1.1 278 33-8 
True meridian (see p. 131) 6. ee ee 278 11-3 
Declination Fast... . 0 22.5 


INTENSITY. 
1, Honrizonra, Iyrensrry. | 
A. Vibration. 
1856, January 28, 2" 207 p.m. local time. 


°o ° 
17-3 (., 63-1 Fahr. 


L 
Mag ibrated : Temp. < 
MANeE MLOHS £1 with ring. eEP dD 1 aG C., 63-7 Fahr. 


Chron. H, losing 0°-2. 


344 MAGNETIC OBSERVATIONS. 


Without! With Without 


With 
ring. | ring. ring. ring. 
No. of vibrations ...... 600 160 Time of 1 vibration .... 2-804 7-535 
. beginning .... 170-5 155 qg = 0-00020 | 0.00020 
Semiare : 
ending ...... 140-5 120 p = 0-00017 |0-00017 
Torsion (90°) ........ 1 lV Time of 1 vibration corr. . 2-813 7-559 
log K, = 0-43937 log K = 0-43821 


log mX = 0-53407. 


B. Deflection. 
1856, January 28, 25 40™ p.m. local time. 
Magnets: Deflecting Z1, deflected A 21. 
Deflection bar: H2. Distances: 1 foot. Temp.: 17°-1 C., 62°-8 Fahr. 


1 foot. 1 foot. 
Uy = 6° 46’ 50 Temp. of magnet: 17°-8 C., 64°-0 Fahr. 
p = 0-00017 q = 0-00020 


log = 8-75458 


m = 0-4399 X =: Horizontal Intensity = 7-758 


2. Drip. 


1856, January 24, 45 20™ p.m. local time. 
Dip needle: No. 2. Temp.: 16°-0 C., 60°-8 Fahr. 


End A. 
° ’ 
F to inst t 37 0-5 o 4 
hace o instrument’ 5 Mean &o287. as 
Face reversed ... 37 12-0 
End B. 


°o ‘ 
Face to instrument 37 18-3 


Mean 8 = 37 22-9 
Face reversed... . 37 27-5 B 


Mean of the dip = 5 B _ 37 14.58 


Dip corrected for error of needle .... 37 14-93 





3. Vertical INTENSITY 5-898 


4. Toran INtTENsitTY 9-746 


GROUP I. ASSAM AND KHASSIA HILLS. 345 


No. 3. Upenodri, in Asshm. 


Latitude North. Longitude Last Green. Ileight. 
26° 45’ 40” 91° 56’ 30” 352 feet. 


In a house constructed of cane and bamboo, on alluvial soil: See p. 131. 


Observer: Hermann. 


DECLINATION. 
1856, January 2, 4" p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 
° ‘ 
Magnetic meridian... 2... ee 358 13-2 
True meridian (see p. 134) 2... ee eee 355 36-9 
Declination East .... 2 36-3 
INTENSITY. 


1. Horizorran Inrensrry. 
A. Vibration. 


1855, December 31, 3" 5™ p.m. local time. 


° ° 
Di 19-7 C, 67-4 Fahr. 
Magnet vibrated heclehs Temp. : 
CE se L1 with ring. P ) 49.9 ©. 67-8 Fahr. 
Chron. H, losing 0°-5. 
Without; With Without With 
ring. ring. ring. ring. 
No. of vibrations ....... 400 200 Time of 1 vibration ... 2-809 7-532 
. beginning...... 179 155 q = 0-00020 | 0-00020 
Semiare 7 7 ° 
ending ....... 7 120 p = 0-00017 |0-00017 
Torsion (90°) 2... ee 1’ l’ Time of 1 vibration corr. 2-818 7-553 
log K, = 0-44182 log K = 0-43821 


log mX = 0-53271 


B. Deflection. 
1856, January 4, 3% 45" p.m. local time. 
Magnets: Defiecting Z 1, deflected FH 21. 
Detection bar; Jf2. Distances: 1 foot, 1-33 foot. ‘Temp.: 20°-0 C., 68°-0 Fahr, 








1 foot. 1-33 foot.| 1 foot. 1-33 foot. 
My = 6° 45! 34" - (2°51! 15”| Temp. of magnet: 20°-0 CG. 199-4 
py = 0-00017 1 0-Q0017 - 68°-0 Fahr. |66°-9 Fahy. 
| q = 0-00020 | 0 00020 
log Se = 8-75521 
m = 0-4405 X = Horizontal Intensity = 7-740 


I. 44 
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2. Die. 
1855, December 30, 2" 30™ p.2. local time. 


Dip needle: No. 2. Temp.: 21°-8 C., 71°-2 Fahr. 


End A. 
° ff: 
Face to instrument .... 36 21-8 M ae a , 
e = ° 
Trace reversed. ....... 36 22-6 me 
End B. 
°o a 
Iace to instrument .... 36 28-0 M. a aad 
np = 3 
Face reversed. ....... 36 36-8 an 8 


Mean of the dip = ath = 36 27-30 
Dip corrected for error of needle... . 36 27-65 
This day is marked in the Bombay magnetic observations as an abnormal day, 
but with only a very light disturbance, scarcely amounting to 1’. 
3. VerricAL INTENSITY ............. 5-653 


4. Toray INTENSITY ............... 9-624 


No. 4. Gondry, m Assdm. 


Latitude North. Longitude East Green. Height. 
26° 5 50” 91° 43’ 45” 134 feet. 


On detritus resting on granitic subsoil, not far from Major Vetch’s House. 
See p. 135. 


Observer: Hermann. 


DECLINATION. 


a. 1855, December 14, 3" 10™ p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


Magnetic meridian... 2.0... ee ee 2 3-2 
True meridian (see p. 139) 22. 2 ee ee eee 0 3-8 
Declination Kast... . 1 59-4 


eo ». By Prismatic Compass No. 6. 
Meridian as obtained December 14, was marked by turning the telescope to 


a well defined object, the temple on Kamaikia Hill, and reading off the angular 


distance —Prismatic Compass No. 6, hy Troughton, gave: 
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Difference of the angular distance .......... 1 54-0 
Correction of compass ........-.20-00005% + 2.0 
1 56-0 


Declination East, by compass 6 corrected ...... 


c. 1856, November 19, 114 20™ p.m. local time. Troughton’s needle. 


In determining the longitude by lunar distances the needle in Troughton's 


theodolite was turned, so as to read 360°, when pointing to the magnetic north. 
Meridian obtained by the Observations of Jupiter + 180...... 
Declination East 2 


Mean of the three series a, 0, c: 
Declination Kast 2 0-1 


INTENSITY. 
1. Horizontat Intensity. 
A. Vibration. 
1855, December 12, 125 15™ p.m. local time. 
° 9 
Magnet saprated a with ring. Dene ae : oe oe 
Chron. H, losing 0*-4. 


Without| With Without With 


ring. ring. ring. ring. 
No. of vibrations ...... 500 500 Time of 1 vibration ... 2-801 7-542 
: { beginning .... 148-5 170 q = 0-00020 | 0.00020 
Semiarc : c 
{ ending ...... 51-5 120 p = 0-00017 |0-00017 
Torsion (90°) ........ 0’ 0! Time of 1 vibration corr. 2-808 7-561 
log K, = 0-43743 log K = 0-43831 


log mX = 0.53557 


B. Deflection. 
1855, December 11, 3" 15™ p.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 


Deflection bar: H2. Distances: 1 foot, 1:33 foot. Temp.: 20°-0 C., 68°-0 Fahr. 


1 foot. | 1-33 toot. 





1 foot. 1-33 foot. |. 
' 
: j e ° 
Uy = 6° 46° 39" 2° sr a" | Temp. of magnet. . 21-0 C. 20-6 C. 
p = 0-00017 | 0-00017 69-8 Fahr. |69-1 Fahr. 
q = 0-00020 | 0.00020 
m “ai 
log ee 8.75320 
m = 0-4410 X = Horizontal Intensity -= 7-784 


44* 
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2. Dr. 
1855, December 10, 4" 30™ p.m. local time. 
Dip needle: No. 2. Temp. 19°-8 C., 67°-6 Kahr. 


End A. 
°o # 
Face to instrument 35 13- M 35 1 
Face reversed ... 35 7-5 Mn ore Te PROT 
End B. 


O° f 
Face to instrument 35 27-4 


M = ae Ss 
Face reversed ... 35 27-0 Mean ip eee 


Mean of the dip = at = 35 18-80 


Dip corrected for error of needle... . 35 19-15 
3. VerricaL INTENSITY. ...........0.0-.. 5-513 
4. Toran InTENSITY............-...04 9-449 


No. 5. Cusrra Pont, wo otHe KuAdssia Hinzs. 


Latitude North. Longitude East Green. Height. 
25° 14° 15” 91° 40’ 30” 4,164 feet. 
On sandstone rocks, in an open place of the station. See p. 139. 


Observer: Hermann. 


DECLINATION. 
a. 1855, November 14, 2" 14" p.m. local time. Collimator 1; ‘Theodolite 3, Troughton; Chiron. 3. 
° ‘ 
Magnetic meridian... ee 360 14-4 
True meridian (see p. 144)... ee ee 357 55-6 
Declination East .... 2 18-8 


6. For determining the declination (with Troughton’s needle and with compass 
No. 6, the angular distance between the meridian and a Khassia-LTemple to the east 
of it was taken, and fourrd to be 207 58’-3. The means of the declination, thus 
obtained by repeated readings of the needle and bearings by the compass, were 
found: oF 


Declination East 2... 0. .0000202222000- 2 22-0 


Mean of the two series: Declination East 2... 2 20-4 


Magnet vibrated 


No. of vibrations 


Semiarc 2 
ending 


Torsion (90°) 


Detlection bar: H 2. 


beginning .... 
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INTENSITY. 
1. Honizontan Intensiry. 
A. Vibration. 
1855, October 26, 2" 5™ p.a. local time. 
° oO 
DL a 18-8 C., 65-8 Fahr. 
; “ Temp. J OE ae tee 
L1 with ring. 18-6 C., 65-5 Fahr. 
Chron. H, losing 0°-3. 
Without With Without | With 
ring. ring. ring. | ring. 
.... 500 250 Time of 1 vibration .... 2 782 se 
120 211 gq = 0-00020;0-00020 
tect hen 36-5 146-5 p = 0-00017}0-00017 
ee 0’ Oo of Time of 1 vibration corr. 2-791 '7-647 
log K, = 0-41970 log K = 0-43821 
log mX = 0-54105 
B. Deflection. 
1855, October 28, 3 30™ p.m. local time. 
Magnets: Deflecting Z 1, deflected H 21. ; 
Distances: 1 foot, 1-33 foot. Temp.: 21°-0 C., 69°-8 Fahr. 
1 foot. 1-33 foot, 1 foot. 1-33 foot. 
o ° 
Uy = 6° 42/17" | 2° 49/27" Temp. of magnet .. 20-2 C. 20-06. 
= 0-00017 | 0-00017 68-4 Fahr.} 68-0 Fahr. 
qg = 9-00020 0.00020 
log = = 8-74925 
= 04417 X = Horizontal Intensity = 7-869 


mm 


Trace 


Face 


Face 
1? 
Face 


2. Drre. 
1855, October 23, 9" 10™ v.m. local time. 


Dip needle: No. 1. Temp. 23°-2 C., 73°-8 Fahr. 


End 4. 
to instrument 33 41-9 Moeaa<asc 33 51-75 
reversed ... 34 1-6 
End B. 
° é 
to instrument 33 13-0 M aan 
Mean = “3 
reversed ... 33 20-6 oe 
Mean of the dip = ae = 33 34-28 
Dip corrected for crror of needle... . 33 37-27 
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3.. VerticaL INTENSITY ............. 5-231 
4. Toran Invensity ............... 9-449 
GROUP II. 


DELTA OF THE GANGES AND BRAHMAPUTRA. 


Surajganj.—Dhaka.— Kulna.— Calcutta. 


No. 6. SunaseAns, 1n Eastern BencAt. 


Latitude North. Longitude East Green. Height. 
24° 22' 50" 89° 43’ 20” L. a. L. 8.1 (20 feet.) 


Observer: Hermann (see p. 144). 


Dr. 


1856, February 17, 3" 50™ p.m. local time. 
Dip needle: No.2. Temp.: 27°-2 C., 81°-0 Fahr. 


End A. 
° t 
Face to instrument 31 54-1 e so «ft ; 
Face reversed ... 32 0:5 eana = : 
End B. 


° , 
Face to instrument 32 10-3 
; " Mean Bf = 32 9:0 


Face reversed ... 32 7-7 pre 
Mean of the dip = ae = 32 3-15 
Dip corrected for error of needle... . 32 3-50 


No. 7. Dsdxa, xx Eastern BencAt. 


Latitude North. Longitude East Green. Height. 
23° 42! 44" 90° 20' 15” L. a. L. 8. 


On alluvial clay soil, at a short distance from the landing Ghat. See p. 144. 


Observer: Hermann. 
‘ Lia. L. 8. = Little above the level of the sea. 
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DECLINATION. 
1855, February 21, 1" 10" p.m. local time. Theodolite 3, and Needle Troughton; Chron. 3. 
Magnetic meridian... 2... 2. 0c eee ee 163 46-4 
True meridian (see p. 145)... 6... ee ee ee ees 161 25-2— 
Declination Fast .... 2 21-2 
INTENSITY. 
Dr. 


1856, February 21, 115 a.m. local time. 
Dip needle: No. 2.  Temp.: 25°-2 C., 77°-4 Fahr. 


End A. 
°o ‘ 
Face to instrument 30 52-0 Od 
Mean a = 30 55-5 
Face reversed ... 30 59-0 
End B. 


° ‘ 
Face to instrument 31 5-0 
Mean 8B = 31 6-25 





Face reversed ... 31 7-5 a 
Mean of the dip = *T* — a) 0.88 
Dip corrected for error of needle... . 31 1-23 


No. 8. Kuna, in Eastern BencAt. 


Latitude North. Longitude East Green. Height. 
22° 45' 55” 89° 36’ 55” La LS. 
Alluvial soil of the Ganges Delta. See p. 145. 


Observer: Hermann. 


DECLINATION. 
1856, February 24, 12 30™ p.m. local time. Theodolite 3, and Needle Troughton; Chron. 3. 


Magnetic meridian... 2... 2. ee 25 23-0 
True meridian (see p. 146) 2... 2... ee ee ee eee 22 52-6 
Declination East . . . 2 30-4 
INTENSITY. 
Dr. 


1856, February 24, 12" 30™ p.m. local time. 
Dip needle: No.2. Temp.: 26°-8 CG, 80°-2 Fahr. 
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End A. 
Qo a 
Trace to instrument 29 0-4 Cined 
as Mean a = 29 13-1 
Face reversed 29 25-8 
End B. 
°o fi 
Face to instrument 29 17-2 M arene 
Face reversed 29 30-6 SOP : 
Mean of the dip = ats = 29 18-50 
Dip corrected for error of needle... . 29 18-85 
No. 9. Caucutra, In BEencdu. 
Latitude North. Longitude East Green. Height. 
22° 33 1” 88° 20’ 34” La L. 8. 


On alluvial soil, in the botanical garden, right bank of the Hugli. See p. 147. 


Observer: Hermann. 


FIRST SERIES. 
DECLINATION. 


1856, March 24, 1" 30™ p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


° ‘ 
Magnetic meridian ©... 6. ee ee 349 16-0 
True meridian (see p. 148)... 2.2... .0...0. 20002004 346 47-6 
Declination East... . 2 28-4 


INTENSITY. 
1. Horizontat Intenstry. 
A. Vibration. 
1856, March 22, 2" .55™ p.m. without ring, 4" 7" p.m. with ring, local time. 


°o ° 
31-9 C., 89-4 Fahr. 
Temp 


Magnet vibrated mp. 
eee are ( 31-1 C, 88-0 Fal. 


Dl 
( D1 with ring. 
Chron. H, losing 0°-5. 


Without] With | Without With 
ring. ring. Ting. ring. 
No. of vibrations ....... 600 50 | Time of 1 vibration... . 2-762 7-489 
. beginning... . 150 170 q = 0-00020 |0-00020 
Semiare eae : 
fending....... 30 120 | wp == 0-00017 }0-00017 
Torsion (90°) 2... ..--0. Vv V ‘ Time of 1 vibration corr. 2-763 7-454 


GROUP Il. DELTA OF THE GANGES AND BRAHMAPUTRA. 353 
log K, = 0-43552 log K = 0-43821 
log mX = 0-54961 


B. Deflection. 


1856, March 23, 6" 30™ p.m. local time. 
Magnets: Deflecting L1, deflected H21. 


Deflection bar: 2. Distances: 1 foot, 1-33 foot. Temp.: 30°-0 C., 86°.0 Fahr. 


1 foot. 1-33 foot. 1 foot. 1-33 foot. 
to = 6° 24 48” | 2° 41’ 58” Temp. of magnet 29-7 C. 29-3 6. 
» = 0-00017 | 0-00017 85-5 Fahr. | 84-7 Fahr. 
q = 0-00020 | 0-00020 
log = 8.73175 
m == 4372 X = Horizontal Intensity = 8-108 


2. Dip. 


1856, March 23, 8 40™ p.m. local time. 
Dip needle: No.2. Temp.: 25°-7 C., 78°-3 Fahr. 





End A. 
° ‘ 
Face to instrument 27 53-75 Os! 
M = 27 56-38 
Face reversed ... 27 59-0 oe : 
End B. 
° ‘ 
Fs ‘0 1 28 14-25 
ace to instrument 4 Mean B = 28 16-38 
Face reversed ... 28 18-50 ue “ 
Mean of the dip = + B _ 28 6.38 
Dip corrected for error of needle... . 28 6:73 
3. VerricaAL INTENSITY ............. 4-335 
4. Tora, INTENSITY ............... 9-193 


SECOND SERIES. 


DECLINATION. 


1857, April 15, 11" 5™ a.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


° ‘ 
Magnetic meridian... 2. 2 es 209 34-0 
True meridian (see p. 148) 2-2 ee ee 





General mean of 1856 and 1857 ........2.....0..4-% 
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INTENSITY. 
1. Horizontay Inrensiry. 
A. Vibration. 


1857, April 12, 3" 10" p.m. without ring . 
: F local time. 
» 13, 45 0"), with ring 
° : ° 
33-6 C., 92-4 Fahy. 


Magnet. vibrated 
Beene 33-9 C, 93-1 Fahy. 


Temp. 
Li with ring. oe 


Chron. H, losing. 08.17. 


Without) With ‘ Without | With’ 
ring. ring. ring. | ring. 
No. of vibrations... 2.0... 550 210 Time of 1 yibration ..... 2-820 7-624 
he cae beginning... ... 188 180 q = 0-00020 |0-00020 
Semiarc ‘ = 
ending .. 2.0... 73 70 uw = 0-00017 |0-00017 
Torsion (M09)... 0... 2. 9 9! Time of 1 vibration corr. . . 2-823 7-630 
log K, = 0.43334 log K = 0-43821 
log mX = 0.53098 
B. Deflection. 
1857, April 12, 5" 0" p.m. local time. 
Magnets: Deflecting L1, deflected H21. 
Detlection bar: H3. Distances: 1 foot, 1-3 foot. ‘Temp.: 32°-u ©. 899-6 Kahr. 
1 foot. 1-3 foot. 1 foot. 1-3 foot. 
o ° 
my = 6° 64 38" | 2° 47°13” Temp. of magnet 32-0 C. 31-6 €. 
p = 0-00017 0.00017 89-6 Fahr. | 88-9 Fahr. 
y = 0-90020 — | 0-00020 
log = 8.73059 
log me = 0-4274 X = Horizontal Intensity = 7-947 
2. Die. 


L857, April 12, 12 30™ p.m. local time. 
Dip needle: No. 2. Temp.:: 32°-3 CG. 90°-1 ahr. 


End 4. 


Face to instrument 2 


' 
8 30-08 o 
. Mean @ =- 27 
Face reversed 2... 28 21-0 
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End B. 


o t 
Face to instrument 28 22-63 o 4 
Mean 8 = 28 19-19 


Face reversed ... 26 15-75 SOG Bek. 
Mean of the dip = oore = 28 22-59 

Dip corrected for error of needle... . 28 22-94 
3. Vertican Invensity ............. 4:247 


4. Torau Inrenstry 


GROUP I). 
VALLEY OF THE GANGES AND ITS TRIBUTARIES. 


Rampur Boélea.—Kissenganj (Bariadangi).—Patna.—Sigduli.—Bendves.—Lakhnau.—A ligarh.—Agra.— 
Mirath. 


No. 10. Rimpur Bones, in Eastern Benoa. 


Latitude North. Longitude East Green. Height. 
24° 21’ 46” 88° 34’ 20” 54 feet. 


On the left shore of the Ganges, a few feet above the level of the water. See p. 148. 


Observer: Hermann. 


INTENSITY. 
1. Hortzontan Inrensiry. 
A. Vibration. 


1855, August 28, 5" 30" p.m. local time.? 
Magnet vibrated: £1.  Temp.: 28°-3 C., 83°-0 Fahr. 
Chron. H, losing 1°-0. 


Without Without 

ring. 3 ring. 

No. of vibrations... ..... 260 Time of 1 vibration ..... 2-773 
ed beginning... .. . 130 q = 0-00020 
semiare : s 
ending ....... 41 p= 0-00017 

Torsion (90°)... 0.2.0.6. 0 Time of 1 vibration corr... 2-778 

log As: 0-43821 log mX = 0-54519 


' Two days later, August 30, whilst detained by Lieutenant Adam’s illness, a second series of vibrations was 


made, without and with ring, for determining A, which was found = 0: 43830. 
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B. Deflection. ° 
1855, August 28, 4" 10™ p.m. local time. 
Magnets: Deflecting L1, deflected H21. 


Deflection bar: H2. Distances: 1 foot. Temp.: 30°-2 C., 86°-4 Fahr. 


1 foot. 1 foot. 
Ug = 6° 16’ 0” Temp. of magnet 30°-2 C., 86°-4 Fahr. 
pw = 0-00017 q = 0-00020 
m 
log = 8-89269 
m = 0-5235 X = Horizontal Intensity = 6-703 
2. Dip. 


1855, August 28, 45 50™ p.m. local time. 
Dip needle: No.1. Temp.: 28°-9 C., 84°-0 Fahr. 


End A. 
o f 
Face to instrument 32 31 7 isan ats: 99 33 - 
Face reversed ... 32 35 8 oie a aS 
End B. 


° é 
Face to instrument 31 17-4 
Mean B = 31 21-8 


Face reversed ... 31 26-2 eae 
Mean of the dip = ate = 31 57-78 

Dip corrected for error of needle... . 32 0-77 

3. VerticAL INTENSITY ............. 6-203 
4. Tora, Inrensiry ............... 9-132 


No. 11. KuissencAns, on Banrapdnei, in Western Benet. 


Latitude North. Longitude East Green. Height. 
26° 6’ 0” 87° 56’ 8” 140 fect. 


On alluvial soil deposited by the Mahanddi river. See p. 149. 


Observer: Hermann. 


GROUP III. VALLEY OF THE GANGES AND ITS TRIBUPARIES. BHT 


DECLINATION. 


1855, August 18, 8 30™ p.m. local time. Theodolite 1 and Needle, Troughton; Chron. 3. 


° é 
Magnetic meridian... .......0. 2.000000 cee eee ee 260 30-6 
True meridian (see p. 149)... 2... ..0..0. 0000000 eee 258 10-4 
Declination East... . 2 20:2 


INTENSITY. 
1. Honizonrau Intensity. 
A. Vibration. 
1855, August 18, 9" 35" a.m. without ring, 1° 40" p.m. with ring; local time. 


26-8 C., 80-2 Fahr. 
27-6 C., 81-7 Fahr. 


D1 


L1 with ring. Temp, 


Magnet vibrated 


Chron. H, losing 0°-6. 


Without| With Without | With 


ring. ring. | ring. ring. 
No. of vibrations. ....... 500 190 | Time of 1 vibration ..... 2-779 7-443 
beginning. ..... 140 | 160 | q = 0-00020 |0-00020 
Semiare ; \ 7 
ending ....... 70 | 101 | pw = 0-00017 | 0-00017 
Torsion (90°9).......... 6 6 Time of 1 vibration corr... 2-785 | 7-457 
log K, = 0-44293 log K = 0-43821 


log mX = 0-54289 


B. Deflection. 
1855, August 18, 12" 10™ p.m. local time. 
Magnets: Deflecting L1, deflected H 21. 


Deflection bar: H2. Distances: 1 foot. Temp.: 27°-2 C., 81°-0 Fahr. 


1 foot. 1 foot. 
to = 6° 15’ 50 Temp. of magnet 27°-2 C., 81°-0 Fahr. 
p = 0-00017 gq = 0-00020 
m 
log x= 8.89200 


m z= 0.5217 X = Horizontal Intensity = 6-690 
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2. Dir. 
1855, August 17, 5" 25" p.m. local time. 


Dip needle: No. 2. Temp.: 26°-5 C., 79°-7 Tahr. 


End A. 
° é 
Tace to instrument 35 16-4 M 35 7 2 
Face reversed ... 35 18-0 ee 
End B. 


or 


Face to instrument 35 9-0 M a 35 6-0 
Face reversed ... 35 3-0 ne Refs ss 


Mean of the dip = ete = 35 11-60 


Dip corrected for error of needle ... . 35 11-95 
3. VerticaL INTENSITY. .*~............... 4.719 
4. Toran INTENSITY ................. *. 2.) 8-187 


No. 12. PArna, 1s WrstTERN BENGAL. 


Latitude North. Longitude East Green. Height. 
25° 37’ 12” 85° 7! 32” 170 feet. 
On rich alluvial soil, in a garden. See p. 149. 


: Observer: Hermann. 


FIRST SERIES. 
DECLINATION. 


1857, February 6, 11" 10™ a.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


° ‘ 
Magnetic meridian ©... 2.2 2-2 eee eee 223 45-0 
True meridian (see p. 150) ..............0.. 221 51-1 
Declination ast... . 1 53-9 
INTENSITY. 


1. HorizontanL INTENSITY. 
A. Vibration. 


1857, February 7. 125 20" vom. without ring, I" 1o™ pot. with ring; local time. 


GROUP HI. VALLEY OF THE 


1 
Magnet vibrated : . 
L1 with ring. 


Chron, H, 

Without With 

ring ring. 

No. of vibrations ....... 270 200 

Pea beginning ..... 163 198 
Semiarc : 2 

ending. ...... 77 136 

Torsion (90°) 2... 0.08. 0! 0! 


log K, = 0-43720 


log nX = 0- 


B. 


GANGES AND ITS TRIBUTARIES. 


ang 


° ° 
23-9 C., 75-0 Fahr. 


Temp. 7 94.6 C., 76-2 Faby. 


losing 08-2. 


Without With 
ring. ring. 
Time of 1 vibration .... 2-844 | 7-660 


1 = 0-00020]0-00020 

p= vO ht Os nare 

Time of 1 vibration corr. . . 2-850 17-674 
log K = (0.43821 


52285 


Deflection. 


1857, February 7, 55 25" p.m. local time. 


Magnets: Deflecting Z 1, deflected H 21. 


Deflection bar: H 3. 


Distances: 1 foot, 1-3 foot. 


Temp.: 25°-0 C., 77°-0 Bahr. 
I 


1 foot. | 1-3 foot. 
° ° . 
Temp. of magnet 24-3 C. [24-1 ©. 
75-83 Fahr.}75-4 Fahr. 
y = 0-00020 — |0-00020 





1 foot. 1:3 foot. 
Mo = 6° 25! 37” 2° 56" 21" 
; u = 0-00017 0.00017 
log x = 8-75436 


m = 0-4351 


2. Dr. 


X = Horizontal Intensity = 7-660 


1857, February 7, 34 30™ p.m. local time. 


Dip needle: No. 2. 


Temp.: 26°-3 C., 79°-4 ahr. 


End A. 
° €. 
Face to instrument 33 31-25 ae 
‘ Mean a = 33 29-44 
Face reversed 33 27-63 : 
End B. 
° t 
Face to instrument 33 32-25 
; Mean 2 = 33 30-78 
Face reversed 33 29-31 
Mean of the dip = =e = 33 30-11 
Dip corrected for error of needle... . + 33 30-46 
3. Vertica, Intensity .......0.000... 5-073 


4. Tora, Iwrensiry 
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SECOND SERIES. 
INTENSITY. 
1. Horrzontat Intensity. 
A. Vibration. 
1857, March 20, 2" p.m. local time. 
Magnet vibrated: Z1. Temp.: 28°-3 C., 83°-0 Fahr. 
Chron. H, losing 0°-6. 


No. of vibrations .......... 120 Time of 1 vibration 


Pies eee. LR 2-835 
; beginning......... 160 q = 0-00020 
Semiare . 
ending ........-., 140 p = 0-00017 
Torsion (90°)... ...-..0005 o' Time of 1 vibration corr....... 2-837 
log K = 0-43821 log mX = 0-52667 


B. Deflection. 
1857, March 20, 15 30™ p.m. local time. 
Magnets: Defiecting D1, deflected H 21. 
Deflection bar: H3.. Distances: 1 foot, 1-3 foot. Temp.: 27°-2 C., 61°-0 Fahr. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
Yo = 6° 28' 34” | 2° 57" 2” Temp. of magnet 26-7 C. 27.20. 
# = 0-00017 0-00017 80-0 Tahr. | 81-0 Fahr. 
qg = 0-00020 0.00020 
log x = 8-75402 
m = 0-4369 X = Horizontal Intensity = 7-697 
Mean of the two series... = 7-678 
2. Dir. 
1857, March 23, 55 10™ p.m. local time. 
7 Dip needle: No. 2.  Temp.: 27°-3 C., 81°-2 Fahr. 


End A. 


°° : 
Face to instrument 33 35- 


7 ° t 
Mean a = 33 38-1 
Face reversed ... 33 40-5 
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End B. 


° é 
Face to instrument 33 31-3 os 
Mean B = 33 32-1 





Face reversed ... 33 32-9 
Mean of the dip = = + a 33 35-10 
Dip corrected for error of needle... . 33 35-45 
General Mean 2... . ee 43 32-85 
3. VerticaL Inrensity ............ oe. 56095 
4. Toran Invensity ................. 9-230 


For approximatively determining the daily variation of the horizontal intensity, 
the deflection apparatus was observed March 21. Magnet Z, was used as the deflecting 
one, at 1 foot distance. / 

One tenth of a minute was the unity read off from the scales, to which corre- 
sponded an absolute value in English units = 0-00090, as deduced froin the preceding 
observations of deflection. 

Increasing uumbers denote an increase of the intensity. The time is local 


time for Patna and for Bombay. The scale readings were: Patna, 1857, March 21. 


6" 40™ a.m. 10" a.m. 3" 30" pM, 5h 10™ p.m. 
302-8 310-2 » 309-0 308-9 
. in scale readings 7-4 1-2 0-1 
Eitsneners in English units + 0-0068 — 0-0011 — 090-0001 


Observations at Bombay, 1857, March 21, in English Units: 
Oh 12" am 10"72™ a | 3h 12™ Pe. Oh 12” pe. 
8-0181 8-0345 8-0290 No observation. 
Differences +- 0-0164 — 0-0055 


No. 13. Sicduui, In Western BEncat. 


Latitude North. Longitude East Green. Height. 
26° 46° 41” 84° 44’ 26” 260 feet. 


Near Major Holmes’ house; in a fine garden. See p. 151. 


Observer: Hermann. 


Div. 
1857. February 16. 2" 55™ p.m. local time. 


Dip needle: No. 2. Temp.: 27°-6 ©, 81°-7 Fahr. 
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End A. 


° i 
I'ace to instrument 35 46-4 


° t 
Mea == 35 44-6 
Face reversed... 35 42-8 mean @ 5 


End B. 


°o ‘ 
Face to instrument 35 33-7 





M = 4. 
Face reversed ... 35 36-1 oe aa 
Mean of the dip % my = 35 39-75 
Dip corrected for error of needle... . 35 40-10 


No. 14. Bendnes, 1s Hrposrdn (N. W. Prov.) 


Latitude North. Longitude East Green. Height. 
25° 18’ 26” 82° 59’ 47” . 325 feet. 


In a garden not far from the English church, on alluvial soil. See p. 151. 


Observer: Hermann. 


DECLINATION. 
1856, April 4, 4" 30" p.m. local time. Collimator 1; Theodolite 3, ‘Troughton; Chron. 3. 
° ‘ 
Magnetic meridian ..... ithe acer hes ites NG, eee Gucateeieern ut A Ronee 102 52-2 
True meridian (see p. 152) 2... eee 101 1-9 


INTENSITY. 
1. Horizontau Intensity. 
A. Vibration. 
1856, April 3, 5" 50™ p.m. local time. 
37-1 C., 98-7 Fahy. 


\ vibrated 
PapneE MaDEate 36-8 ©., 98-2 Fahr. 


Temp. 








L1 with ring. 
Chron. H, losing 0°-8. 


Without With 


| | Without {With 
ring. | Ting. | ring. ! ring. 
E 
No. of vibrations... 2... 300 | 160 ! Time of 1 vibration .. 2-801 0 | 7-565 
«of beginning... 180 | 220 9 = 0-00020 | 0-00020 
Semiarc : i 
fending. ...... 80 | 140 p = 0-00017 | 0-00017 
Torsion (90°) 2.000004. sy V | Time of 1 vibration corr. 2-799 7-561 
. log K, = 0-43415 log K = 43821 


log wX = 0-53843 
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B. Deflection. 
1856, April 3, 4° 20" p.m. local time. 
Magnets: Deflecting Z 1, deflected H21.° 


Deflection bar: J73. Distances: 1 foot. Temp.: 38°-6 C., 101°-5 Fahr, 


tty = 6° 46’ 40” Temp. of magnet 38°-0 C., 100°-4 Fahr. 
p = 0-00017° q = 0-00020 
log y = 6-75179 
m = 0.4417 X = Horizontal Intensity = 7-822 
2. Die. 


1856, April 3, 12" 20™ v.m. local time. 
Dip needle employed: No. 2, Temp.: 37°-9 C., 100°-2 Fahr. 
End A. 
° ‘ 
Face to instrument 42 41-2 
Face reversed ... 32 28-8 
End B. 


° ‘ 
Mean a = 32 35-0 


° f 
face to instrument 32 53-6 


Tace reversed ... 32 40-0 
Mean of the dip = ate = 32 40-90 


Mean §B = 32 46-8 





Dip corrected for error of needle = 32 41-25 


3. Vervican Inrensiry ................ 5-020 
4. Toran Invensiry .................. 9-294 


No. 15. LAxandu, in Aupu. 
Latitude North. Longitude East Green. Height. 
26° 51' 10” 80° 55’ 32” 520 feet. 
In a garden, on alluvial soil, not far from the Resident’s (then General Outram’s) 


house. See p. 152. 
Observer: Hermann. 


DECLINATION. 
1856, April 9, 8" 30" a.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 
° t 
Magnetic meridian 2... ee ee B24 6-8 
True meridian (see p. 153) 2 6. ee ee 321 29-4 
. Declination East .. . 2 37-4 
* 
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INTENSITY. 
1. HorrzontaL Inrensiry. 
A. Vibration. 
1856, April 9, 7° 10™ a.m. local time. 


° o 
LY ; 30-9 C., 87-6 Fahr. 
Magnet vibrated ; ; Temp. : 
*S L1 with ring. ™P 31.9 C., 89-5 Fahy. 
Chron. H, losing 1°.3. 
Without. With Without With 
ring. ting. ring. ring. 
No. of vibrations ....... 400 160 Time of 1 vibration . . .72-819 7-615 
fren os beginning ..... 130 230 q = 0-00020 | 0-00020 
pemuare é f 
ending... .. J. 48 66 wu = 0-00017 | 0-00017 
Torsion (90°) oe. ee V lV Time of 1 vibration corr. 2.822 7-607 
log A, = 0-43471 log K = 43821 


log mX = 0-53151 


B. Deflection. 
1856, April 9, 9" a.a. local time. 
Magnets: Detlecting D1, detected H 21 
Detlection bar: H3. Distances: 1 foot. Temp.: 31°-5 ©. 88°-7 Fahr. 


1 foot. 1 foot. 
ty = 6° 7! 0" Temp. of magnet 33°-0 C., 91° 4 Pahr. 
ph = 0-00017 | q¢ = 0.00020 
log x = 8-70644 
m = 0-4159 X = Horizontal Intensity = 8-176 
2. Dr. 


1856, April 9, 35 35™ p.m. local time. 


Dip needle: No. 2. Temp.: 34°-3 ©. 93°-7 Fahr. 





Ind A. 
fe} i 
Face to instrument 35 26-1 Or, 2a 
Ate o iustrumen 5 Mean a <=: 33 22-13 
Face reversed ... 35 18-2 
End B. 
9° a 
Hone to instrument 35 oD Mean B= 85 14-25 
Face reversed ... 35 23-5 cts os 
Megn of the dip = aff == 35 18-20 


Dip corrected for error of needle... 35 18-55 


Ge 
a 
ao 
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3. VerticaL INTENSITY ............ 5-789 


4. Toran INTENSITY............... 10-019 


No. 16. AuicXru, 1 Hrypostdn (N.W. Prov.). 


Latitude North. Longitude East Green. Height. 
27° 53/ 50” 78° 3° 55" 760 feet. ‘ 


On alluvial soil, in a garden. See p. 153. 


Observer: Hermann. 


DECLINATION. 


1856, January 18, 6 p.ar. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


° ‘ 
Magnetic meridian... 2... ee ee eee 254 31-1 
True meridian, fixed by a mark of Mr. Gubbins’ (see p. 153) 252 53-8 
Declination East .... 1 37-3 
Dr. 


1857, January 18, 11" 35” a.m. local time. 
- Dip needle: No. 2. Temp.: 21°-6 C., 70°-9 Fahr. 





End A. 
Oo ‘ 
ae, 1 . $ s ° t 
Face to instrument. 37 2-3 Moana a7 3.8 
Face reversed .... 37 5:3 
End B. 
° / 
Face to instrument. 37 0-8 Mean 8 = 36 53-3 
Face reversed... . 36 45-8 
Mean of the dip = 2 + cs 36 58-55 
Dip corrected for error of needle .... 36 58-90 


No. 17. Acra, 1N Hinpostan (N.W. Prov.). 


Latitude North. Longitude Kast Green. Height. 
27° 10! 26” 78° 1’ 39” 657 feet. 
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On a thick stratum of alluvial soil. The instruments were put up not far from the 


Chief IEngineer’s (General Boileau’s) office. See p. 154. 
. Observer: Hermann. 


DECLINATION, 
1856, April 15, 2" 10" p.at. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


° ‘ 
. Magnetic meridian 2... ee ee 101 22-9 
True meridian (see p.153) 2... 2 ee 100 2-9 
Declination Kast .... 1 20-0 


No. 18. MinXru, in Hinpostdn (N.W. Prov). 


Latitude North. Longitude East Green. Height. 
29° 0 41” 77° 41! 48" 865 feet. 


On alluvial soil, near the central part of the station. See p. 154. 


Observer: Hermann. 


DECLINATION. 
1856, April 18, 4" 30" ».m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


° ‘ 
Magnetic meridian ©... 1. ee eee 251 58-5 
True meridian, from Mr. Gubbins’ meridian marks (see p. 154) 250 10-1 
Declination East... . 1 48.4 
GROUP IV. 


PANJAB, SINDH, AND KACH. 


Ambala.—Lahor.— Raulpindi.— Peshtur.—Shahpur.— Déra Ismael Khan.—Multan.—Shikarpur.— 
Sévan.—Karrachi.—Bhaj.—Rajkot. 


No. 19. Ampdua, in Sknuiny (PANSAB). 
Latitude North. Longitude East Green. Height. 
30° 21' 25” 76° 48’ 49” 1,026 feet. 
On alluvial soil, with much kdnker, but no boulders. See p. 154. 


Observer: Hermann. 


GROUP IV. PANJAB, SINDH, AND KACH. 


DECLINATION. 


857, January 15, 11" 38" a.m. local time.’ Collimator 1; Theodolite 2, Jones; Chron. 3. 


Magnetic meridian .. 2... 2... ee 8 30-5 
True meridian (see p. 155). 2... ee ee 6 4-3 
Declination East... . 2 26-2 

Dr. 


1857, January 16, 9° 45™ a.m. local time. 
Dip needle: No. 2. Temp.: 18°-6 C,, 65°-5 Fahr. 


End A. 
o ‘ 
fy 7 . 52. ° , 
Trace to instrument 40 52-0 Moana =40bas8 
Face reversed ... 40 57-6 
End B. 
° ‘ 
Face to instrument 40 38-0 Meat PS a0 as 


Face reversed ... 40 44-6 
Mean of the dip = ks = 40 48-05 


Dip corrected for error of needle .... 40 48-40 


No. 20. Lawoér, in THE PAnsAB. 


Latitude North. Longitude East Green. Height. 
31° 34! 5” 74° 14! 37" 790 feet. 


Near the Company’s garden, clayey soil, but cultivated. See p. 156. 


Observer: Hermann. 


DECLINATION. 


1857, January 7, 4" 30 p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


Magnetic meridian 2... ee 28-3 
True meridian (see p. 156)... 2 6. ee ee 0 6-0 
Declination Vast... . 2 2-3 
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INTENSITY. ‘ 
1. Horizonta, Inrensiry. 


A. Vibration. 


1857, January 6, 4" 50™ p.m. local time. 


° ° 
Magnet vibrated at . ‘ Temp. ats Cabra Eabe 
£1 with ring 19-8 C., 67-7 Fahr. 
Chron. H, losing 1°-0. 
Without | With Without 


With 
ring. ring. ring. ring. 
No. of vibrations ....... 559 290 Time of 1 vibration. ... 2-949 7-943 
2 beginning ..... 80 60 gq = 0-00020 | 0-00020 
Semiare ‘ 
ending ....... 10 30 3 = 0-00017 | 0.00017 
Torsion (90°) ......... 7 7 Time of 1 vibration corr. 2-959 7-970 
log K, = 0-43696 log K = 0-43821 
log mX = 0.49021. 
B. Deflection. 
1857, January 7, 104 45" a.m. local time. 
Magnets: Deflecting L1, deflected H21. 
° ° 
12-8 €, 55-0 Fahr. 
Deflection bar: H3. Distances: 1 foot, 1-3 foot. Temp. , 
; omP: (18-3 C4 55-9 Fabr. 
1 foot. 1-3 foot. 1-3 foot. 1-3 foot. 
° ‘ “ ° ‘ “ ° °o 
Uy = 6 57 39 3 9 23 Temp. of magnet... 13-30. 13-9 C. 
p = 0-00017 0-00017 56-0 Fahr. | 57-0 lahr. 


- ¢ == 0-00020 0.00020 


me 


log -y = 8-77863 
m = 0-4309 X = Horizontal Intensity = 7-175 
2. Dre. 


1857, January 6, 35 25™ p.m. local time. 
Dip needle: No. 2. Temp.: 20°-G C., 69°-1 Fahr. 
End A. 


°o *. 
Face to instrument 43 19-65 


O° i 
; Mean a = 43 20-45 
Face reversed ... 43 21-25 
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End B. 


° é 
Face to instrument 43 14-15 


° i 7 
Face reversed ... 43 13-30 Mean a has ARTIS 





Mean of the dip = ott = 43 17-09 


Dip corrected for error of needle... . 43 17-44 
3. Verrica, Invensiry .......00...., 6-758 
4. Torat Invensiry ............... 9-856 
No. 21. Ravuwpinpi, 1n THE PANJAR. 
Latitude North. Longitude East Green. Height. 
33° 36/ 30” 72° 59’ 49” 1,674 feet. 


On hard soil, with numerous strata of conglomerates. See p. 156. 
Observers: Adolphe and Robert. 


DECLINATION. 
1856, December 2, 3" 10™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
Magnetic meridian . 2... 2. ee 214 42-5 
True meridian (see p. 161)... 2.2 ee ee ee eee 211 37-0 
Declination East... . 3 5-5 
INTENSITY. 


1. Horizontat Intensity. 
A. Vibration. 
1456, December 3, 2" 5™ p.m. local time. 


°o ° 
19-1 C, 66-4 Fahr. 


Temp: } 19:6 C., 67-2 Fahr. 


1 
Magnet vibrated Ta with ang 
a Wit Fs 


Chron. Jf, losing 0°-8. 


Without] With Without With 
ring. Ting. ring. ring. 
No. of vibrations ...... 600 420 Time of 1 vibration... .. 2°-999 | 8°- 068 
Jeaea beginning .... 117-5 | 152-5 q = 0-00020 |0-00020 
Sues ending... ... 35 130-5 | p. = 0-00017 | 0-00017 
Torsion (909) 2.2... --- 0’ 0’ | ‘Time of 1 vibration corr... 3°-007 — | 8°-090 
log kK, = 09-4382] log K = 0-43821 


log mX = 0-47615 
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B. Deflection. 
1856, December 5, 4" 15™ p.m. local time. 
Magnets: Deflecting L1, deflected H21. 


° ° 
{ 16-0 C., 60-8 Fahr. 


Deflection bar: H3. Distances: 1 foot, 1-3 foot. Temp. | 15-8 Cy 60-4 Fal 
-8 C., 60-4 Fahr. 


1 foot. 1:3 foot. 1 foot. 1-3 foot. 
° °o 
Uy = 7° 18' 49” | 3° 18/ 52” Temp. of magnet 16-0 C. 15-8 C. 
p = 0-00017 0.00017 60-8 Fahr. 60-4 Fahr. 
q = 0-00020 ! 0.00020 
m 
log = 8-79984 
m = 0-4345 X = Horizontal Intensity = 6-889 
2. Dr. 
1856, December 6, 1> 30™ p.m. local time. 
7 Dip needle: No.2. Temp.: 15°-6 C., 60°-1 Fahr. 
End A. 
F o ‘ 
ace to instrument 46 9-67 o 8 
M = 46 2-44 
Face reversed ... 45 55-20 oe 
End B. 


° é 
Face to instrument 45 49-69 
Face reversed ... 45 46-85 
Mean of the dip — ate = 45 55-36 


Mean p = 45 48.27 


Dip corrected for error of needle .... 45 55-71 
3. VerticaL INTENSITY ............. 7-115 
4. Torau Inrensiry ............... 9-904 


No. 22. Prsudur, in THE PAngAB. 


Latitude North. Longitude East Green. Height. 
34° 3’ 10” 71° 33’ 19” 1,250 feet. 


On alluvial soil, deposited by the Himalayan rivers. See p. 162. 
; Observer: Adolphe. 
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DECLINATION. 
1856, December 22, 5" 30™ p.m. local time. Collimator 2; Theodolite 3, Troughton: Chron. 1. 
Magnetic meridian ...........2..0..0.0..00000004 293 24.7 
True meridian (see p. 164) ................0000. 290 56-8 
7 Declination East. ... 2 27-9 
INTENSITY. 


1. Honrizontat Intensity. 
A. Vibration. 
1856, December 23, 4" 30™ p.m. local time. 


° ° 
15-0 C., 59-0 Fahr. 


Magnet vibrated: B7! —T 
isch aa aC 13-4 C.. 56-2 Fahr. 


Chron. A, losing 4°-8. 


Without Without 

ring. ring. 

No. of vibrations»... 2.0.2... 150 Time of 1 vibration ........ 3°. 321 
; beginning. ........ 181-5 q = 0-00021 

Semiare ; 

ending. .......... 169-5 p = 0.00017 

Torsion (90°) ....--....0.. 6 Time of 1 vibration corr... ... 3*- 303 

log K = 0-26891 log mX = 0-22063 


B. Deflection. 
1556, December 23, 105 30™ a.m. local time. 
Magnets: Deflecting B7, deflected B2. 


2 , ©. 7 
14-4 Ci, 58-0 Fahr. 
16-1 C., 61-0 Fahr. 


amma 


Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. 





1 foot. 1-3 foot. 1 foot. 1-3 foot. 
ty = 3° 23/55” | 1° 33/6" Temp. of magnet 14-6 C. 16-7 €. 
u = 0-00017 | 0-00017 58-2 Fahr. | 62-0 Fahr. 
q = 0-00020 | 000020 


m 


log + = 8.47465 
m = 0-2226 X = Horizontal Intensity = 7-464 


' Like ourselves, Adolphe frequently made observations for determining the value of K. We, however, cannot 


make use of these observations, as his inertin rings have been lost together with his other instruments. Compare 


p- 285, where the data which we adopt for his K are detailed. 
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2. Dr. 
1856, December 22, 5" p.m. local time. 
Dip needle: No. 3. Temp.: 16°-6 C., 61°-9 Fahr. 
End A. 


° , 
Trace to instrument 47 7-0 M 4g 4 a 
ey eal —- . 
Face reversed ... 47 8-5 ae 


End B. 


°o a 
Face to instrument 45 46-5 
. Mean Bp = 45 45-5 
Face reversed ... 45 44-5 


Mean of the dip = ate = 46 26-63 


Dip corrected for error of needle... . 46 25-75 

3. VervicaAL INTENSITY ..........0... 7-845 

4. Toran Invensity ............... 10-830 
VARIATIONS. 


A. Declination. 
The declination was observed from December 24, 1856, to January 19, 1857 
(needle B5 being suspended in the vibrating apparatus, which could also he used 
tor declination). The units of scale readings are '/, of minutes of are. 


Increasing numbers correspond to an easterly motion of the declination. 
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Scale Readings of the Declinometer. 
Prsucun, 1856-7, December and January. 


Unit = 4, Minute. 





7 15m gh 12 gh 5h sh 
1856, December 24 285 285 284 284 286 286 
. 25 288 288 286 288 290 290 
&. 26 288 288 286 a 290 290 
a. ae 290 290 288 288 290 289 
‘ 98 292 292 289 290 290 291 
. 29 290 290 eee 288 290 288 
# 30 290 292 290 292 292 291 
i 31 290 292 290 292 292 291 
1857, January 1 290 292 290 292 292 293 
x 2 292 293 290 290 - 292 292 
‘3 3 294 293 289 292 292 292 
, ‘ 4 992 294 291 292 292: 290 
: 5 294 294 292 292 292 292 
: 6 292 294 292 292 292 292 
7 7 294 296 293 294 294 295 
. 8 293 296 294 293 294 294 
“ 9 294 295 294 294 294 295 
: 10 294 296 295 294 294 294 
‘ 11 294 295 295 294 295 296 
: 12 295 295 294 294 294 295 
bs 13 294 295 294 295 295 296 
hs 14 294 296 294 294 295 294 
" 15 293 295 294 294 295 296 
* 16 294 295 295 296 296 297 
: 17 295 296 297 296 299 298 
_ 18 295 296 295 297 297 298 
56 19 294 297 296 296 297 297 
Means ........ 292-2 293-4 292-2 292-4 292-9 —-293.0 


The curve being completed and the mean of the 24 hours taken, the daily varia- 


tion of the declination for each hour was found to be as follows: 
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Decnination at Pesndur; Daily Variation: 1856, December 24, to 1857, January 19 
(compare Plate 2). 


A.M. | P.M. 

Midnight 0-0) Noon — 0-05 
1 0-00 1 — 0-04 
2 — 0-01 2 — 0-03 
3 — 0-02 3 — 0-02 
4 — 0-03 4 — 0-00 
5 — 0-04 5 0-02 
6 — 0-05 6 0-02 
7 — 0-05 /7 0-03 
8 0-03 8 0-04 
9 0-07 9 0-03 
10 0-08 10 0-02 
11 0-02 11 0-02 


Though in Bombay the winter months, December and January, also show a con- 
siderably smaller difference of the extremes than the summer months, Peshaur- has it 
still much more reduced. The morning maximum nearly coincides in time with Bom- 


bay, but the afternoon elevation of the curve takes place later, and is very small. 


B. Horizontal Intensity. 


The deflection by B7 was reduced to absolute values by multiplying the scale 
readings, '/,, of the minute, with 0°00350. This factor was deduced from the direct 
observations of deflection by substituting a greater value than the angle observed, 
and considering the parts of difference of the results to be within the range of the 
observations here to be reduced, as proportional to the differences between the angles 
of deflection themselves. 

The following tables show the scale readings and their comparison with Bombay. 


Increasing numbers correspond to an increase of the Horizontal Intensity. 





GROUP Iv. PANJAB, SINDH, AND KACH. 375 
DEFLECTION at PesHAuR, 1857, January, local time. 
7h gh Noon Qh 5h 
January 21 299 300 300 300 302 
5 22 303 304 304 303 304 
ss 23 305 307 306 306 308 
7 24 309 312 311 311 314 
4 25 314 316 316 315 317 
Pe 26 320 322 321 322 322 
4g 27 322 323 322 321 322 
as 28 322 322 322 321 bath 
Mean....... 311-7 312-0 312-7 312-4 312-7 
Differences (variations of , in scale readings  - 0-5 + 0-7 — 0:3 + 0-3 


Horizontal Intensity) in absolute values -++ 0-0175 + 0-0245 — 0-0105 + 0.0105 


Horizontau Inrensiry at Bompay, 1857, January, local time. 

7 12" 9h12™ Noon 12™ 2h 12™ 5» 12" 

January 21 8-0151 8-0210 8-0271 8.0255  8-0173 
» 22 8-0162 68-0210 8-0280 8.0267 8-0214 

» 23 8-0128  8-0216 8-0276 8.0234 8-0185 

” 24 8-0107 8-018] 8-0226 8-0214 sine 

» 25 Are seated big le ee 8-0155 

7 26 8-0151 8.0183 8-0263 8-0194 8-0118 

» 27 8-0099 8.0189 8-0238  8-0189 8.0126 

» 28 8-0093 —- 8-018] 8-0286 8-0234 8.0157 
Mean...... 8-0127 8.0196 8-0263 8-0227 8-016! 


eee ee 


Differences (variations in absolute values) -+ 0.0069 -+ 0-0067 — 0-0036 — 0.0066 








No. 23. Saduppur, In THE Pinos. 


Latitude North. Longitude East Green. Height. 
32° 14’ 0” 72° 32’ 30” ” 680 feet. 


Alluvial soil of the Jéch Dudb. See p. 164. 
Observer: Robert. 


DECLINATION. 
1856, December 28, 9" 20™ a.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 
° # 
Magnetic meridian .......2...0.-.0 000200 e uae 103 37-7 
True meridian (see p. 169) 2... 0. ee ee eee 102 18-0 


Declination East.... | 1 19-7 
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No. 24. Dra Ismdzn Kuan, in tHe Pinsdn. 


Latitude North. Longitude East Green. Height. 
31° 39’ 35” 70° 56’ 30” 478 feet. 


Clayey soil, on the right side of the Indus. See p. 169. 
: Observer: Adolphe. 


DECLINATION. 
1857, February 25, 9" 15™ p.m. local time. Collimator 2; Theodolite 1, Troughton; Chron. 1. 
Magnetic meridian... 2. - ee ee 50 22-2 
_ True meridian (see p.171).. 0.0.0.0... 0.000000. 0 08 49 24-0 
Declination East .. . 0 58.2 
INTENSITY. 
1. Horizontau Inrensrry. 
A. Vibration. 
1857, February 25, 4" 35" p.m. local time. 
Magnet vibrated: B7. Temp.: 24°-2 C., 75°-6 ahr. 
Chron. A, losing 4°-8. 
Without Without 
ving. ring. 
No. of vibrations ...... 300 Time of 1 vibration... .. 3*.274 
Seni beginning .... 183-5 q = 0-00021 
mare’ | ending. .... 103-5 u = 0-00017 
Torsion (90°) ........ 1’ Time of 1 vibration corr... 2°-286 
log K = 0-26891 log mX = 0.22993 


B. Deflection. 
4857, February 25, 35 40™ p.m. local time. 
Magnets: Deflecting B7, deflected B2. 


° ° 
24-8 C., 76-6 Fahy. 
i ar: A. i : 1 foot, 1-3 foot. T ‘ 
Deflection bar: A. Distances: 1 foot, 1-3 foot em: 24-5 C, 16-1 Fahr. 





1 foot. |! 1-3 foot. | 1 foot. 1-3 foot. 
° ° 
Uy = 3°17! 13” | 1° 30’ 13” Temp. of magnet 25-0 C. 25-0 ©. 
uw = 0-00017 | 0-00017 | 77-0 Fahr. | 77-0 Fahr. 
| | q = 0-00020 0-00020 
log = = 8-46282 


m = 090-2223 X = Horizontal Intensity = 7-648 
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2. Dr. 
1857, February 24, 4" 30" p.m. local time. 
Dip needle: No.4.  ‘Temp.: 23°-9 C., 75°-0 Fahr. 
End A. 


° é 
Face to instrument 44 3-4 


o ‘ 
Mea = 44 §- 
Face reversed ... 44 8-2 pee . : 


End B. 


° a 
Trace to instrument 44 45-4 
Mean A = 44 42-9 





Tace reversed ... 44 40-4 we 7 
Mean of the dip = stb = 44 24-35 

Dip corrected for error of needle... . 44 23-47 

3. VenricaAL INvENSITY ............ 7-489 
4. Toran Intensity. .............. 10-703 


No. 25. Muurdn, in THE PAwgds. 


Latitude North. Longitude East Green. Height. 
30° 10’ 10” 7Y° 34’ 34” 480 feet. 


Under a grove of palm trees, on alluvial soil. See p. 171. 
Observer: Robert. ; 


DECLINATION. 
1857, January 8, 10° 0" a.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 
° ‘ 
Magnetic meridian . 2...) 1. ee ee 119 49-5 
True meridian (sce p. 174)... 2... .. 0.02200 .05 000. 118 55-3 
Declination East... . 0 54.2 


No. 26. Sstkdrpur, in Sinpu. 


Latitude North. Longitude East Green. Height. 
27° 55’ 10" G8° 51’ 50” 60 feet. 


Twenty one miles west of the Indus, on a dry and hard soil. See p. 174. 
Observer: Robert. 
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INTENSITY. 
1. Horizonrat Invenstry. 
1857, February 5, 4" p.s1. local time. 
Magnet vibrated: Barrow. Temp.: 19°-8 C., 67°-6 Fahr. 
Chron. 4, gaining 15*-0. 


No. of vibrations ........... 140 Time of 1 vibration ....... 2°. 888 
ei beginning fySogedncehyees wert 210 g = 0-00022 
ending ........... 180 pw = 0-00017 
log K = 0-45945 
m = 0-4260 
X = 8-000 
2. Dr. 
Deduced from our map of isoclinal lines... . 36° 2’. 
3. VERTICAL INTENSITY ....... 5-820 
4, Tora, INTENSITY ......... 9-893 


No. 27. Sfvan, ix Srnpa. 


Latitude North. Longitude East Green. Height. 
26° 25’ 0” 67° 56’ 40” 140 feet. 


On alluvial soil. See p. 176. 
Observer: Robert. 


DECLINATION. 
1857, February 13, 12" 10™ p.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 
o ‘ 

Magnetic meridian ©... 1... es 239 30-9 

True meridian (see p. 176) 2.2... 0. ee ee es 238 55-9 
Declination East... . 0 35.0 

No. 28. K<Arrdcut, tn Sinpu. 
Latitude North. Longitude East Green. Height. 
24° 45 30” 67° 0’ 51” - L.a LS. 
See p. 177. 


On marine deposits, three miles from the harbour. 
Observer: Robert. 


GROUP IV. PANJAB, SINDH, AND KACH. 379 


DECLINATION. 
1857, Kebruary 24, 3" 20 p.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 
Magnetic meridian... 2... 2... ee ee eee 30] 38-0 
True meridian (see p. 178). ...............-.-000- 301 32-0 
. Declination East... . 0 6-0 


No. 29. Buos, m KAcu. 


Latitude North. Longitude East Green. Height. 
23° 17’ 69° 40’ _ 283 feet. 


On alluvial soil, very frequently disturbed by earthquakes. . See p. 178. 
Observer: Robert. 


DECLINATION. 
1857, March 16, 2 30™ p.m. local time. Prism. Comp. 7; Theodolite 1, Troughton; Chron. 4. 
° ‘ 
172 30-7 


Magnetic meridian. 6... 1 1. ee ee 
True meridian (see p.179) .. 0-2. ee eee 172 18-7 
Declination East... . 0 12-0 


INTENSITY. 
1. Horizontau Inrensiry. 
1857, March 16, 4" 20" p.m. local time. 
Magnet vibrated: Barrow. Temp.: 33-2 C., 91-8 Fahr. 
Chron. 4, gaining 15*-0. 


No. of vibrations ........... 100 Time of 1 vibration ....... 2-878 
Semi beginning ......... 180 q = 0-00022 
miarc 
ending ........... 170- » = 0-00017 
log K = 0-45945 
m = 0-4260 
X = 8-012 
2. Die. . 
Deduced from our map of isoclinal lines . . . . 28° 25'-0. 
3. VerticaL InTENSITY....... 4-335 
4. Torar lytensity ......... 9-109 
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No. 30. Ragxor, in KarrrvAn. 
Latitude North. Longitude East Green. Height. 
22° 13' 0” 71° 7° 0” 325 feet. 
Hard, clayey soil. See p. 179. 
Observer: Robert. 


DECLINATION. 
1857, March 22, 1" 30™ ».m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 
° i 
Magnetic meridian... 0... ee eee 16 27-0 
True meridian (see p. 180) 2... ee 16 13-7 
Declination Hast . . . 0 13-3 
GROUP V. 


CENTRAL AND SOUTHERN INDIA. 


Sager. —Jablpur—Nagri.—Rajamandri—Madras.—Bombay.—’ ina.—Mahabaléshvar—K aladghi.— 
Belléri— Utakamand.— Utattir.— Galle. 


No. 31. SAcen, wy MAtva. 


Latitude North. Longitude East Green. Height. 
23° 50' 9” 78° 43’ 26” 1,880 feet. 
Observer: Adolphe. See p. 181. : 


Dip. 
1855, December 18, 4" 5™ p.m. local time. 
Dip needle: No. 3. Temp.: 25°-6 C., 78°-1 Fahr. 
End A. 


° : 
ere 1 at ant : wf ° , 
Face to instrument 30 41:3 Mean a = 30 41-9 


Face reversed ... 30 42-5 
e End ZB. 
o 4 
Face to instrument 29 24-7 Mean B = 29 20-7 
Face reversed ... 29 16-7 en 2 
Mean of the dip = aoe = 30 1-30 


Dip corrected for error of needle .... 29 58-84 
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No. 32. JApupur, 1s MAtva. 


Latitude North. Longitude East Green. Height. 
23° 9’ 39" 79° 56’ 18” 1,480 feet. 


On a thick stratum of reddish clay. See p. 181. 
Observer: Adolphe. 


DECLINATION. 
1855, December 23, 9" a.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 
° ‘ 
Magnetic meridian... 1... 0. 351 0-5 
True meridian (see p. 181)... 0. 349 50-0 
Declination East... . 110-5. 
INTENSITY. 
1. Horizontat Intensity. 
A. Vibration. 
1855, December 23, 3" 10™ p.m. local time. 
Magnet vibrated: B7. Temp.: 26°-7 C., 80°-0 Fahr. 
Chron. A, losing 4°-0. 
No. of vibrations... 6.2.2... 200 i Time of 1 vibration. ...... 2*.909 
beginning. ....... . = 0-00021 
Sanane earning 209-5 q 00 
ending ........ . 93-5 wp = 0-00017 
Torsion (90°) .........-- 4’ Time of 1 vibration corr. ... 2°-919 
K = 0-26891 log mX = 0-31665 


B. Deflection. 
1855, December 23, 1" 10™ r.m. local time. 


- 
| 


Magnets: Deflecting B7, deflected B 2. 4 
Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 26°-7 C., 80°-0 Fahr, 
1 foot. 1-3 foot. 1 foot. 1-3 foot. 
t ° ° 
My = 3° 10’ 38” | 1° 27° 53" Temp. of magnet 26-1 C. 27-8 C. 
= 0-00017 ' 0-00017 | 79-0 Fahr. | 82-0 Fahr. 
i 


| q = 0-00021 | 0.00021 


log x = 8-45720 


m == 0.2483 X = Horizontal Intensity = 8-666 
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2. Dr. 
1855, December 23, 4" 40™ p.m. local time. 
Dip needle: No. 3. Temp.: 22°-8 C., 73°-1 Fahr. 
End A. 


° ‘ 
Face to instrument 29 17-2 


° ‘ 
Face reversed ... 29 19-2 Weng =e te 


End B. 


oO ‘ 
Face to instrument 27 46-0 


Face reversed ... 27 52:0 Me eee 
Mean of the dip = ote = 28 33-60 
Dip corrected for error of needle... . 28 31-14 
3. Verticau Invenstry ..........0..0.... 4-711 
4. Toran Intensity .......,..-....2---. 9-863 
No. 33. NAgeai, 1 Orissa. 
Latitude North. Longitude East Green. Height. 
20° 25' 25" 78° 52’ 50” 850 feet. 
Observer: Adolphe. See p. 181. 
INTENSITY. 
1. Honizontat InTENsITy. 
A. Vibration. 
1856, January 11, 2" 30" p.m. local time. 
Magnet vibrated: B7. Temp.: 31°-1 C., 88°-0 Fahr. 
Chron. A, losing 4°-4. , 
No. of vibrations... 2... .. 420 | Time of 1 vibration. ... 1... 2°-954 
a beginning. ....... 300 g = 0-00021 
Semiarc Badawi 2 hha 166 p. = 0-00017 
Torsion (90°) ......-.. schiss 0’ | Time of 1 vibration corr, ... 2*-960 


log K = 0-26891 log mX = 0.32069 
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B. Deflection. 
1856, January 11, 11> 45™ a.m. local time. 


Magnets: Deflecting B7, deflected B 2. 
Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 29°.4 C., 85°-0 Fahr. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
° ° 
Uy = 3° 8' 19” | 1° 26’ 30” Temp. of magnet 29-4 C, 30-0 C. 
p = 0-00017 | 0-00017 85-0 Fahr. | 86-0 Fahr. 
q = 0-00021 ‘ 0-00021 
log x = 8-44832 
m = 0-2424 X = Horizontal Intensity = 8-633 
2. Dr. 
1856, January 11, 4" 25™ p.a1. local time. 
Dip needle: No. 3. Temp.: 27°-7 C., 81°-8 Fahr. 
End A. 
F ° ‘ 
i i A ° ' 
ace to instrument 23 31-0 Mean a = 23 28-5 
Face reversed ... 23 26-0 : 
End B. 


° ‘ 
Face to instrument 22 24-0 
Face reversed ... 22 8-8 ee 
Meai of the dip = ate = 22 52-45 


Mean 8 = 22 16-4 


Dip corrected for error of needle... . 22 49-99 
3. Vertical INTENSITY ............... 3-634 
4. Toran INTENSITY ..............--5 9-367 


No. 34. RasamAnpnri, in Orissa. 


Latitude North. Longitude East Green. Height. 
17° 10! 30” 81° 46' 35” L. a. L. 8. (35 feet.) 


On alluvial soil; 100 yards north of the cantonment. See p. 181. 
Observer: Adolphe. 
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DECLINATION. 
1856, February 6, 5" 30" p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 2. 
° i 
Magnetic meridian 2... 2... ee 229 34-5 
True meridian (see p. 182) 2... 2... -. ee eee ee 227 59-7 
Declination East . . . 1 24-8 


INTENSITY. 
1. Horizonray Inrensrry. 
A. Vibration. 
1856, February 5, 24 30™ p.m. local time. 
Magnet vibrated: B7. Temp.: 30°-3 C., 86°-5 Fahr. 
Chron. A, losing 4°-4. 


No. of vibrations ....... 420 Time of 1 vibration .... . 28-968 

sincere beginning ..... 300 gq = 0-00021 

ecient (han 285 w = 0-00017 

Torsion (90°) .......0..- 10’ Time of 1 vibration corr. . . 2*-978 
log K = 0-26891 log mX = 0-29984 


B. Deflection. 
1856, February 5, 7' 45" a.m. local time. 
Magnets: Deflecting BT, deflected B 2. 
Deflection bar: dA. Distances: 1 foot, 1-3 foot. Temp.: 28°-9 C., 84°-0 Fahy. 





1 foot. 1-3 foot. |; 1 foot. 1-3 foot. 
| ° oO 
Uy == 3° 2/57" | 1° 23' 10" | Temp. of magnet 28-8 C. 28-8 C. 
= 0-00017 0-00017 84-0 Fahy. | 84-0 Fahr. 
7 I q = 0-00021 0-00021 





log = = 8-42468 


m = 0-2346 X = Horizontal Intensity = 8-824 


GROUP Y. CENTRAL AND SOUTHERN INDIA. 385 


2. Dr. 


1456, February 6, Series L, 8" 30™ a.m, Series IL, 9" a.m. local time. 


ee L, No. 3. panes 29. 4 C,, 85. 0 Fahr. 





Dip needles Te 
= go Mg Noy a COE Po -Sh, 2927 Go 8 Fal 
End A. 
No. 3. No. 4. No. 3. No. 4. 
°o ‘ ° t 
Face to instrument 17 11-6 16 5-0 os Ox ct 
‘ Mean a = 17 10-8 16 20-7 
Face reversed ... 17 10-0 16 36-4 ; 
. 
End B. 
r. ° ‘ ° ’ 
Face to instrument 15 40-3 16 36-0 
‘ : Mean p = 15 42-3 16 27-0 
Face reversed ... 15 44-3 16 18-0 = 
Mean of the dip = — cS 16 26-55 16 23-85 
Dip corrected for error of needle .... 16 24:09 16 22-97 
Dip, general mean... . . . 16° 23'.53 
3. Vertican Invensiry ............ 2-595 
4. Tovan Invensity............... 9-197 


No. 35. Manras. 


Latitude North. Longitude East Green. Height. 
13° 4’ 11” 80° 13° 56” L. a. L. S. 


Close to the sea beach. See p. 183. 

Through the kindness of Major Jacob and Major Worcester, then in charge of 
the Magnetic Observatory, a detailed series of corresponding observations was commu- 
nicated to us during our stay in India. 

The following are the monthly values of the Declination from November, 1854, 
to October, 1856. 

1854. November 1° 0’ 46”; December 1° 0! 38”. 
January 1° 0' 18”; February 0° 59! 21; March 0° 59 33”; April 1° 0° 14"; May 0° 59‘ 49”; 
1855. 9 June 0° 58’ 41"; July 0° 58° 33”; August 0° 59’ 21"; September 1° 0' 22"; October 1° 1’ 10”; 
November 1° 0° 34”; December 1° 0’ 38”. 
January 1° 0/50"; February 1° 0’ 18"; March 1° 0! 46"; April 1° 22"; May 1° 2’ 2”; 
June 1° 196"; July 1° 1/46"; August 1° 215”; September 1° 1’ 22”; October 1° 1! 12”. 
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The means for the time corresponding to our travels in Southern India, viz. 
February and March, 1855, were found by direct comparisons of our magnets with 
those of the Government Observatory. The mean. results which we obtained, together 


with Major Worcester, are the following: 


Declination East. 2... ....0000.. 0° 59’ 30"! 
Horizontal Intensity ............ 8-023 
Dif G2G wea Ste Ewes 7° 52’. 34 
Vertical Intensity ............. 1-114 
Total Intensity... ..........0. 8-100 


For July and August, 1849, Captain Elliot gives:? 


Declination ..............00. 0° 56! 8” 
Horizontal Intensity............ 8-078 
Diprs. 3 tit ee eck tet te, oe tt de 7° 34'.2 
Total Intensity. .............. 8-149 
No. 36. Bomsay. : 
Latitude North: Longitude Kast Green. Height. 
18° 53! 30” 72° 49"°5" _ Lads. 


The details of the observations made at the Magnetic Observatory, are contained 
pp. 302 to 340. 

Immediately upon our arrival in India, we availed ourselves of the advantages 
here offered, to compare our instruments with each other and with those of the Ob- 
servatory. 

We add here a table of the daily variation of the declination for fi four 
seasons*, from March, 1856, to March, 1857, to which we shall have occasion to refer 
for comparison with variations observed by ourselves. The table is calculated from 
the monthly values contained in the volumes of the Magnetic Observatory at Bombay, 


1856, p. 10, and 1857, p. 12. 


s . . 
! On the excellent chart of the magnetic variation, by Frederick F. Evans, the declination at Madras is deci- 
dedly less; but no values, obtained hy direct observations, lower than those given above, are known to us. 
? Philosophical Transactions, 1851, p. civ. The dip is reduced to January 1, 1848. 


3 Compare plate 2, figure 1. 
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DAILY VARIATION OF THE DECLINATION FOR THE FOUR SEASONS A'T BOMBAY. 
In Minutes of Arc. 412 p.m. Bombny Civil Time = Noon Gottingen Time. 































Wy ane = aa 7 

Hainbey Spring, Suminer, Ane | Winter, | 
Civil 1856, ; 1856, 1856, 1856-7, 

ie March, April, June, July, | Sept., Oct., Dec., Jan., | 
and May. and August. and Nov. and Feb. 

' | t | i 
Midnight +12" 0-191 0-247 0-333 — 0-008 
h m 

1 12 a.m. 0-264 | 0-428 ! 0-368 — 0-115 
212 ,, 0-301 | 0-528 | 0-256 | — 0-200 
312. 0-235 | 0-59] | 0-145 | — 0-314 
422, 0-187 | 0-625 | 0.078 — 0-412 
512 0.198 | u-880 | 0.009 — 0-688 
612 , 0-853 1-773 0.213 — 1-078 
PIDs 1-227 2-209 | 0-668 ~- 1-488 
812, 1-540 1-822 | 0.766 — 0-884 
912. ,, 1-244 0-750 | 0-240 0-008 
wy | 0-287 — 0-512 | — 0-555 0-541 
wi, — 0-809 | — 1-523 | — 1-217 0-359 
Noon+12" | — 1-554 | — 2-074 | — 1-358 0-833 
112 pm. | — 1-387 | — 1-914 | — 0-921 0-845 
22 , — 0-936 | — 1-343 | — 0-338 0-559 
312, — 0-360 | — 0-725 0-161 0-226 
412 ,, — 0-028 | — 0-182 | 0-466 0-114 
512 ,, — 0-075 | — 0-046 0-121 0-199 
612 ,, — 0-247 | — 0-231, — 0-028 0-284 
a ee — 0-376 — 0-490 | 0-036 0-336 
812, — 0-368 — 0-464 | 0-133 0-305 
912 ,, — 0-224 — 0-309 | 0-142 (0-288 

10 12, — 0-083 | — 0-150 | 0-287 0-196 | 
1112. ,, 0-060 0-065 | 0-276 0-116, 









We adopt for our maps the following values for the magnetic elements for Bombay. 
They are reduced to January 1, 1856, by taking the mean of the annual values of 


1855 and 1856. 


Declination East .... . 0° 19/-13 Vertical Intensity... . . 2-775 
Horizontal Intensity ... 8-008 “Total Intensity ...... 8-475 
Dip: saie ded deine 3 19° 6-6 
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No. 37. Ptwa, 1 tHE Dékuan. 


Latitude North. Longitude East Green. Height. 
18° 30’ 23” 73° 52' 8” 1,819 feet. 


Near the dak bangalo, in an open cultivated plain. See p. 183. 
Observer: Hermann. 
Dr. 


1855, January 5, 12" 40" p.m. local time. 
Dip Needle: No. 2. Temp.: 19°-4 C., 66°-9 Fahr. 


End A. 
fo} ‘ 
Face to instrument 18 55-0 Oo 4 
Mean a = 18 58-4 
Face reversed... 19 1-8 
End B. 


° ‘ 


Face to instrument 19 14-8 
Face reversed ... 13 56-0 


Mean of the dip re = 19 1-90 
Dip corrected for error of needle... .19 2-25 


Mean B = 19 5-4 


No. 38. Manapautsnvar, In THE DiskHan. 


Latitude North. Longitude East Green. Height. 
17° 55! 25" 73° 38’ 42” 4,396 feet. 


Near the bangalo “Cliffton.” See p. 184. 


Observer: Adolphe. 


Dr. 
1854, December 14, 2" 15™ p.m. local time. 
Dip needle: No.4. Temp.: 18°-6 C., 65°-5 Fahr. 
End A. 


° Z 
ie aya } . = ° , 
Face to instrument. 16 30-0 ‘Mean a = 1636-0 


lace reversed... . 16 42-0 

End B. 
° # 
|. i i 6 “0 ‘ 
Face to instrument. 16 17 Mean B = 16 16-75 
ace reversed... . 16 16-5 

Mean of the dip = — = 16 26-38 
Dip corrected for error of needle... . 16 25-50 
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No. 39. KXnApa@ur, 1wotur DéKxnan. 
Latitude North. Longitude East Green. 
16° 12 55” 75° 29' 55" 


Near the limit of the trap, but already on sandstone. 


Height. 
1,720 feet. 


See p. 184. 
Observer: Adolphe. 


DECLINATION. 


1855, January 19, 3" 50™ p.m. local time. Barrow’s Universal Magnetometer; Chron. 3. 


Magnetic meridian. 2... 2. ee 220) 40 7 
True meridian (see p. 184). 2... 0... ..000 00000000 220 10-7 
Declination East! ... . 0 30-0 
Die. 
1855, January 19, 4" 5™ p.m. local time. 
Dip needle: No. 2. Temp.: 22°-6 C., 72°-7 Fahr. 
End A. 


° é 
Face to instrument 14 24-3 


° ‘ 
Mean a = 14 23-4 
Face reversed ... 14 22-5 


End B. 


° i 
Face to instrument 14 23-5 O oak 
Mea: = , 
Trace reversed ... 14 37-3 Mean 6 ede 


Mean of the dip = 2tF — 14 26.90 


Dip corrected for error of needle .... 14 27-25 


No. 40. Berndt, in Maisstn. 


Latitude North. Longitude East Green. Height. 
15° 8! 57” 76° 53’ 45” 1,580 feet. 
On decomposed granite. See p. 184. 


Observer: Hermann. 


DECLINATION. 


1855, January 29, 2" p.m..Jocal time. Barrow’s Universal Magnetometer ; Chron. 3. 


° ‘ 
Magnetic meridian. 2... 26 40-0 
True meridian (see p.184) 2... 2. ee ee ee 26 19. 0 
; Declination Fast... . 0 21-0 


' Before working out in detail our observations, we were under the impression that the declination was a little 
westerly between Bombay and Sattéra; but, when we had reached no farther than Kaladghi, we found it, on the con- 


trary, to be easterly. The previous errer waa the consequence of our having at first supposed the error in Barrow's 
instrument to be greater than il really was. 
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INTENSITY. 
1, Horizonrau Intensity. 


A. Vibration. 
1855, January 29, 8" a.m. local time. 


Magnets vibrated : 26°-7 C. °.0 Fahr. 
Magnets vibrate et ‘with small ving, Temp C., 80°-0 Fahr 


Chron. H, losing 0°-3. 


Without | With 


Without With 
ring. | smal) ring. 


‘ ring, small ring. 
No. of vibrations ....... 400 180 Time of 1 vibration. ... 2°-467 | 5°-262 
: beginning ..... 178-5} 228 q = 0-00020 | 0.00020 
Semiarc ; 
ending ....... 41 163-5 pu = 0-00017 | 0.00017 
Torsion (90°) ......... 4! 4’ Time of 1 vibration corr. 2°-470 | 5°- 268 
log K, = 0-33293 log K = 0-43821 


log mX = 0-64719 


B. Deflection. 
1855, January 30, 8 30™ a.m. local time. 
Magnets: Deflecting L1, deflected B5. 
Detection bar: H1. Distances: 1 foot, 1-3 foot. Temp.: 30°-0 C.,.86°-0 Fahr. 
1 foot. 1-3 foot. 1 foot. | 


1-3 foot. 
Ny = 6° 54! 55" | 3° 7! 23” Temp. of magnet 30-0 C. 30-0 C. 
: » = 0-00017 | 0-00017 86-0 Fahr. | 86-0 Fahr. 
q = 0-00020 000020 
log x = 8-77407 
m = 0-5136 X = Horizontal Intensity = 8-641 


2. Dip. 
1855, January 30, 6" 30™ p.m. local time. 
Dip needle: No. 2. Temp.: 29°-0 C., 84°.2 Fahr. 
End A. 


t 


° 
Face to instrument 12 18-8 Nea ys - isis 


Face reversed ... 12 5-5 
End B. 
. ins 35-5 
pce to instrument 11 5 Mean B = 11 46-5 
Face reversed... 11 57-5 west Mem ed 3 
Mean of the dip = ae = 11 59.33 


Dip corrected for error of needle... . 11 59-68 


GROUP V. CENTRAL AND SOUTHERN INDIA. 391 


3. Vertican INTENSITY. ................. 1-838 


4. Toran Inrensiry .............. oS athe 8-834 


No. 41. UvaxamAnn, In THE Nixons. 


Latitude North. Longitude East Green. Height. 
11° 23’ 40” 76° 43’ 10” 7,278 feet. 


On a level slope of decomposed granite. See p. 185. 


Observer: Adolphe. 


DECLINATION. 
1856, March 14, 9 45" v.a1. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 
. o ‘ 
Magnetic meridian 2... 0. et 113 54.0 
True meridian (see p.185). 2... 2.0... ee eee 112 57-0 
Declination East . . . 0 57-03 
INTENSITY. 
1. Horizontay Intensity. 
A. Vibration. 
1856, March 13, 3" 45" p.m. local time. 
Magnet vibrated: B7. Temp.: 219-4 C., 70°-5 Fahy. 
Chron. d, losing 4°-4. 
Without Without 
ring. ring. 
No. of vibrations... 2.2... 240 Time of 1 vibration... . . 2°-963 
ke beginning. ..... 143 q = 0-00021 
Semiare : 
ending ....... 91 p = 0-00017 
Torsion (90°)... 5.5.04. 9 | Time of 1 vibration corr. . . 2°-978 
log K = 0-26891 log mX = 0-31537 


1 Major Jacob had found in 1851 the Declination = 0° 54 6” East (a result which he kindly communicated to 


our lute brother). 
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B. Deflection. 
1856, March 13, 2" 5” p.m. local time. 
Magnets: Deflecting B7, deflected B2. 
Detlection bar: A. Distances: 1 foot, 1-3 foot. Qemp.: 24°-2 C., 75°-5 Vahr. 


1 foot. 1-3 foot. 1 foot. | 1-3 foot. 
° o 
Uy = 3° 1' 6" 1° 22’ 45” Temp. of magnet 24-2 C. 24-2 ©. 
p. == 0-00017 | 0-00017 75-5 Fahr.| 75-5 Fahr. 


q = 0-00020 0-00020 





log = = § 42297 
m = 0-2340 X = Horizontal Intensity = 8-835 
2. Dr. 
1856, March 14, Series I, 2" 25™ p.m.; Series II., 3" 50 p.m. local time. 
° ° 
Din neeille \ Series I., No. 3. Tem Series J., 26-7 C. 80-0 Fahr. 
Ip needies . 
: ( , IL, No.4. Pe} TL, 26-1 ©, 79-0 Fahr. 
End A. 
Vi 
No. 3. No. 4. No. 3. Nig ad 
° ‘ ° t 
4 instr 521-9 412-1 oF o 4 
Bae to instrument 1 2 edi RAIS hk 
Face reversed ... 512-3 4 16-3 
End B. 
r o ‘ °o ‘ 
re to instr t 344-2 4 30-8 
ee Sto nuns S Mean 8 = 347-2 4 37-4 
Face reversed ... 3 50:2 4 44-0 
Mean of the dip = +P = 432-15 4 25-80 
Dip corrected for error of needle .... 4 29-69 4 24-92 
Dip, general mean... .. . 4° 27'.32 
3. VerticaL INTENSITY .............. 0-686 
4. Toran INTENSITY ..............0.. 8-862 


No. 42. Urartr, in tHe Karnadrix. 


Latitude North. Longitude East Green. Height. 
11° 4’ 40” 78° 51’ 40” 280 feet. 


In an open, culti¥ated place. See p. 185. 
Observer: Adolphe. 
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Dr. 
A, 1856, March 5, 2" 30™ p.m. local time. 
Dip needle: No.3. Temp.: 22°-5 ©. 72°-5 Fahr. 


End A. 
F ° ‘ 
ace to instrument 3 40-0 Oh gt 
en Mean a = 3 32-65 
Face reversed ... 3 25-3 
End B. 


° f 
Face to instrument 2 12-9 
Face reversed . . 2 2-3 
Mean of the dip = sth = 2 50-13 


Mean B = 2 7-6 


Dip corrected for error of needle... . 2 52-79 


B. 1856, March 5, 4" 0™ p.m. local time. 
Dip needle: No.4. Temp.: 24°-1 C., 75°-4 Fahr. 








End A. 
F ° 
ace to instrument 2 42-0 Ss 
M = 2 41-5 
Face reversed ... 2 41-0 seer 
End B. 
° f 
F to inst. t 2 : 
ace to instrumen 46-0 Mean B = 2 55-0 
Face reversed ... 3 4:0 
Mean of the dip = ote = 2 48-25 
Dip corrected for error of needle. ... 2 47-37 
General mean of A and B........ 2 50-08 


No. 43. GALLE, my CrrLdén. 


Latitude North. Longitude East Green. Height. 
6° 2° 30” 80° 10! 45” La L.S. 


On sea sand. See p. 186. 
Observer: Hermann. 
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DECLINATION. 


1857, May 2, 1" 20™ p.m. local time. Collimator 1; ‘Theodolite 2, Jones; Chron. 3. 





Magnetic meridian... 2.2... ... 0.0.00 -.00- 34 6-5 
True meridian (see p. 186) ................. 33 25-5 
Declination East.... 0 41-0 
INTENSITY. 
1. Horizonrat Intensity. 
A. Vibration. 
1857, May 2, 6" 35™ a.nt. local time. 
Magnet vibrated a T 26°-4 C., 79°-5 Fak 
A yibr emp.: -4C, -5 Fahr. 
. £1 with ring. roe eee 
Chron. H, losing 0°-5. 
Without With Without With 
ring. Ting. ring. ring. 
No. of vibrations ....... 250 136 Time of 1 vibration .... 2°-815 |7*.560 
Ee beginning ..... 129 152-5 q = 90-00020] 0.00020 
Semiare ' 
ending. ...... 21 123-5 p. = 0-00017]0-00017 
Torsion (90°) ........, 9 9’ Time of 1 vibration corr. . . 2°-821 |7°.577 . 


log K, = 0-44230 log K = 0-43821 
log mX = 0-53169 


B. Deflection. 
1857, May 3, 125 30™ p.a. local time. 
Magnets: Deflecting L 1, deflected H 21. 


° °o 
29-2 C., 84-6 Fahr. 


Deflection bar: H3. Distances: 1 foot, 1-3 foot. Temp. 30-1 Cy 46-2 Fabr. 


1 foot. 1-3 foot. 1 foot. | 1-3 foot. 
° o 
Ng = 6° 2' 18” 2° 45’ 19” Temp. of magnet 30-0 C. 30-0 C. 
p = 0-00017 0-00017 86-0 Fahr.|86-0 Fabr. 
q = 0-00020 — |0-00020 
log z = 8-72518 


m = 0-4250 X = Horizontal Intensity = 8-003 
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2. Dr. 
1857, May 2, 3" 5™ p.m. local time. 
Dip needle: No. 2. Temp.: 31°-0 C., 87°-8 Fahr. 


This station is south of the magnetic equator. 


End A. 
I ° ‘ 
face to instrument 7 37-0 Stat 
Mean a = 7 34-0 
Face reversed ... 7 31-0 
End B. 


o 
Face to instrument 7 39-0 


M = 7 48-5 
Tace reversed ... 7 58-0 eon P : 


Mean of the dip = at? = 7 41-25 


Dip corrected for error of needle .... 7 40-90 


3. Verticau Intensity 


4. Toran Inrensity 


B. HIGH ASIA. 


a. HIMALAYA. 


GROUP VI. 


BHUTAN TO NEPAL. 


Narigtin.—Darjiling.—Rangit bridge —Ténglo.—Faliit.—Kathmandu. 


No. 44. NAnictn, 1x Buurdy. 


Latitude North. Longitude East Green. Height. 
26° 53’ 50” 92° 6’ 0” 3,615 feet. 
On large gravel of fine granite, circumstances preventing us from selecting a spot 
of ungranitic soil, or clay. See p. 187. 


Observer: Hermann. 


DECLINATION. 


1856, January 12, 10" 15” p.m. local time. Collimator 1; Theodolite 2; Chron. 3. 


o , 
Magnetic meridian ... 2... 022. eee eee ee ees 142 53-0 
True meridian (see p. 187)... 2... 2. 2. ee een 138 10-0 
Declination East... . 4 43-0) 


' Compare the general results (Section VI.) in reference to the cause of this great declination; it is probable that 


the cause is the same for the smaller declination in Ass4m. 
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INTENSITY. 
1. Horizontan Inrensrry. 
A. Vibration. 


1856, January 10, 45 45™ p.m. local time. 


° ° 
11-0 C., 51-8 Tahr. 


Magnet vibrated as T 
} vibrate - 
- L1 with ring. *™mP- ) 9.6 CG, 49-2 Fahr. 
Chron. H, losing 0°-d. 
Without} With Without With 
ring. ring. ring. ving. 
No. of vibrations... 2.0... 220 100 Time of 1 vibration ..... 28.817 | 7*-530 
; beginning... ... 185 233 g = 9-00020 | 0.00020 
Semiare : : 
ending ....... 2 213 p = 0-00017 |0-00017 
Torsion (90°)... ....... 0’ 0’ Time of 1 vibration corr... 2°-829 = |7*-565 
log K, = 0-44465 log K = 0-43821 


log mX = 0-52911 


B. Deflection. 
1856, January 10, 5" p.m. local time. 
Magnets: Deflecting L1, deflected H21. 
Deflection bar: H2. Distances: 1 foot, 1-33 foot. Temp.: 11°-0 ©, 51°-8 Fahy. 


1 foot. 1-33 foot. 1 foot. 1-33 foot. 
Uy = 6° 4’ 48” 3° 13’ 25" Temp. of magnet 10-7 C. 10-7 C. 
p = 0-00017 0-00017 51-3 Fahr. | 51-3 Fahr. 
q = 0-00020 


log x = 8.80654 


m = 0.4654 X = Horizontal Intensity = 7-266 


2. Drp. 
1856, January 9, 4" 25™ p.m. local time. 
Dip needle: No.2.  Temp.: 12°-3 C., 54°-2 Fabr. 
End A. 


Qo a 
Face to instrument 37 0-25 


Face reversed ... 37 1-5 
e 


° f 
Mean a = 37 0-88 
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End B. 
o of . 
Face to instrument 37 16-0 M ae 14 63 
Face reversed 37 13-25 ene =e 
Mean of the dip = até = 37 7-76 
Dip corrected for error of needle... . 37 8-11 
3. Vertioan INTENSITY ............. 5-502 
4. Toran INTENSITY ............... 9-114 
No. 45. Dansftine, in Sixx. 
Latitude North. - Longitude East Green. Height. 
27° 3/ 0” 88° 15’ 15” 7,168 feet. 


On thick vegetable earth, resting on a subsoil of gneiss. See p. 188. 


Observer: Hermann. 


DECLINATION. 
1355, July 23, 10" 0™ p.ot. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
° ¥ 
Magnetic meridian... 1... 2 ee ee 314 26-10 
True meridian (see p. 189)... ...-......0..000-0. 311 38-10 
Declination East .... 2 48-0 ~ 


FIRST SERIES. 
INTENSITY. 
1. Honrizonrau Intensity. 
A. Vibration. 
1855, April 20, 11 45" a.m. local time. 


° ° 
12-2 ©. 53-9 Fahr. 


Temp. | 14.1 C, 82-0 Fahr. 


Chron. H, losing 0°-7. 


Dl 
Magnet vibrated Pee 

D1 with ring. 

Without] With 

ring. ring. 

No. of vibrations... . 2... 800 300 

: beginning. ..... 72 73 
Semiare j . 

eo ending ....... 3-5} 24 

Torsion (90°) 2. ...0.0.0.. 3’ 3° 


log K, = 0-41201 


Without With 

ring. ring. 

Time of 1 vibration ..... 2°.713 78.492 
q = 0-00020 )0-00020 
pw = 0-00017 |0-00017 

Time of 1 vibration corr. . . 2°-726 78.527 


log K = 0.43821 


log mX = 0-56155 
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B. Deflection. 
1855, April 20, 11" 0™ a.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 


° Q 
10-1 C., 50-2 Fahr. 


Deflection bar: H2. Distz : 1 foot, 1-33 foot. T . 
: ection bar istances oot, (00) emp. j 19.3 C., 50-5 Fahr. 


1 foot. 1-33 foot. || 1 foot. 1-33 foot. 
° 

Uy = 6° 39’ 50” | 3° 16’ 43” Temp. of magnet 10-3 C. 10-5C. 
p = 0-00017 0-00017 50-5 Fahr. | 50-9 Fahr. 

¢ = 0-00020 0.00020 

log x = 8-91611 
m = 0-5481 | X = Horizontal Intensity = 6.648 
2. Dre. 


1855, April 19, 9" 35" a.m. local time, 
Dip needle: No.1. Temp.: 10°-1 C., 50°-2 Fahy. 


End A. 
o 4 
Face to instrument 36 45-75 o- 
Mea = 36 40-88 
Face reversed ... 36 36-0 ety 
End B. 


° a 
Face to instrument 36 17-5 Mean 8 = 36 16-62 
Face reversed ... 36 15-75 
Mean of the dip = ote Beaks 36 28-75 


Dip corrected for error of needle... . 36 31-74 


3. VerticaAL INTENSITY ............. 4-924 


4. Toran INTEWsITyY ........0....... 8-274 
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SECOND SERIES. 
INTENSITY. 
1. Horizontan Intensiry. 
A. Vibration. 
1855, August 1, 9" 20™ a.m. local time. 


- 0 ° 
18-3 C., 65-0 Fahr. 


Dl 
Magnet vibrated Temp. 
gnet vibrate emp. ) 19.4 C., 67-0 Fahr. 


L1 with ring. 


Chron. H, losing 0°-7. 


Without With Without With 

ring. ring. ring. ring. 

No. of vibrations ........ 400 300 Time of 1 vibration ... 2®-819 79.496 
ee beginning ...... 170 100 q = 0-00020| 0-00020 

Semiare. : 

ending ........ 25 61-5 p= 0-00017} 0-00017 

Torsion (90°) .......... 16’ 16’ Time of 1 vibration corr. 2°-831 7°-527 

log K, = 0-45022 log K = 0-43821 


log mX = 0-52843 


B. Deflection. 
1855, July 31, 8% 15™ a.m. local time. 
Magnets: Deflecting L1, deflected H 21. 
Deflection bar: H2. Distance: 1-33 foot. Temp.: 16°-7 C., 62°-0 Fahr. 


1 foot. 1 foot. 
Uy = 3° 13’ 20” Temp. of magnet . . . 17°-2 C., 63°-0 Fahr. 
p = 0-00017 q = 9-00020 
log x = 8-90960 
m = 0-5236 X = Horizontal Intensity = 6-448 
2. Dr. 


1855, July 30, 4° p.m. local time. 
Dip needle: No.1. Temp.: 21°-3 C., 70°-4 Fahr. 
End A. 


°o ft 
Face to inst t 36 45 25 On oo 
ie o instrumen’ 6 45 25 Mei bea NG aDSK 
Face reversed ... 36 39 5 
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End B. 


° é 
Face to instrument 36 23-81 Ot 
Mean 8 = 36 20-03 


Face reversed ... 36 16-25 
Mean of the dip = ate = 36 31-21 
Dip corrected for error of needle... . 36 34-20 
3. VerricaL Invensivty ............. 4.783 
4. Toran InTensiry ............... 8-029 


VARIATIONS AT DARJILING. 


The apparatus of deflection was observed July 31 and August 1, from 4" a.m. 
to 10" p.m. every two hours. The units of the readings are tenths of minutes, and 
‘the zero of the scale arbitrary. The value of 1 minute of deflection, reduced to 
absolute values in English units, gave, for magnet LZ 1 at the distance employed, 
1 unit of the scale (or '/,, of a minute in deflection) = 0:000164 English units. The 
increasing scale numbers denote a decrease of the resulting intensity. 

The scale readings are contained in the following table, where the hours inter- 
polated for completing the daily variation are enclosed in parentheses. For those 
interpolations 4" p.m. was considered the minimum (as in Bombay), since the direct 
observation showed that it very nearly coincided with this period. The hour of the 


maximum also appeared to differ very little from that of Bombay. 


Horizontal Intensity, Scale Readings. 


1855. Mean of July 31 and August 1. 


ALM, P.M. 
Hours. Hours. 
12 (264) 12 303 
2 (264) 2 293 
4 263 4 275 
6 264 6 271 
8 273 8 268 
10 283 10. 267 


If we reduce the differences of scale readings from the mean (274) to differences 
in English units, by multiplying them with 0-000164, we obtain the following daily 


variation : 
1. 5] 
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Darjiting: Variation of Horizontal Intensity, in English Units. 
1855. Mean of July 31 and August 1. 


A.M. P.M. 

Hours. Hours. 

12 — 0-0016 12 + 0-0047 
2 — 0-0016 2 . -|- 0-0031 
4 — 0-0018 4 + 00002 
6 — 0-0016 6 — 0-0005 
8 — 0-0002 8 — 0-0010 
10 -- 0-0014 10 — 0-0012 


We add for comparison the observations of Bombay. 


Bombay: Variation of Horizontal Intensity, English Units. 
1855, July 31. 


Variation 
Hours. Horizontal Force. = Diff. from the 
Absolute values, Mean of the Day. 

Midnight + 12” 8-0266 — 0031 
1 is 8-0280 ~— 0017 
2 8-0279 — 0018 
3 $y 8-0284 — 0013 
4 i 8-0283 — 0014 
5 3 8-0296 — 0001 
6 ri 8-0290 — 0007 
7 sf 8.0334 + 0037 
3 8-0322 ++ 0025 
9 ag 8.0374 -+ 0077 
10 ” 8.0372 -- 0075 
11 . 8.0362 -++ 0065 
Noon a 8.0340 + 0043 
1 F 8-0341 -- 0044 
2 v 8.0327 +- 0030 
3 ‘i 8.0306 -+ 0009 
4 Ki 8-0314 4- 0017, 
5 rT 8-0286 — 0011 
6 ) 8.0260 — 0037 
7 ” 8.0256 — 0041 
8 ” 8-024) — 0056 
9 a 8.0244 — 0053 
10 7 8-0229 -— 0068 
11 8-0237 — 0060 
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No. 46. RAncit Brives, i Sixkim. 


Latitude North, Longitude East Green. Height. 
27° 4° 50” 88° 10’ 15” 3,130. feet. 


Observer: Hermann. See p. 189. 


INTENSITY. 
1. Horizontay Invensity. 
A. Vibration. 
1855, June 15, 12" 30" p.m. local time. 
Magnet vibrated: £1.  Temp.: 30°-8 C., 87°-4 Fahr. 
Chron. A, losing 0°-5. 


No. of vibrations. ......... 580 Time of 1 vibration .... . 2°. 776 
: beginning ........ 165 q = 0-00020 
Semiare . 
ending ......... 175 p = 0-00017 
Torsion (90°)... .......... 6! Time of 1 vibration corr... 2%-779 
log K = 0-43821 log mX = 0-54470 
B. Deflection. 


1855, June 15, 12" 10" p.m. local time. 
Magnets: Deflecting Z1, deflected H21. 
Detection bar: H2. Distances: 1 foot. Temp.: 30°-6 C., 87°-1 Fahy. 


1 foot. _1 foot. 
Wy = 6° 23! 36” Temp. of magnet. . 30°-8 C., 87°-4 Fahr. 
p = 0-00017 q = 0-00020 


log x = 8.90145 


m = 0-5285 X = Horizontal Intensity = 6-632 


No. 47. Ténexo, ww Sikkim. 


Latitude North. Longitude East Green. Height. 
27° 1/ 50” 88° 3’ 55” 10,080 feet. 


On a fine level stratum resting on rocks of gneiss. (See p. 190.) 


Observer: Hermann. 
51* 
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DECLINATION. 


1855, May 12, 9" 0" a.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


° ‘ ut 
Magnetic meridian... 1.0... ee cee eee 113 41 40 
True meridian (see p. 190) ...........-... 111 11 10 
Declination East... . 2 30 30 = 2° 30'-5 
INTENSITY. 


1. Horizonray INTENSITY. 
A. Vibration. 


1855, May 12, 25 30™ p.m. local time. 


Dl 
Magnet vibrated 


Without With 


L1 with ring. 
Chron. H, losing 0°-5. 


° ° 
13-2 C., 55-8 Fahr. 


T z 
emP- ) 13.4 C., 56-1 Faby. 


Without With 


ring. ring. ring. ring. 
No. of vibrations ........ 500 300 Time of 1 vibration .. 28-867 | 7*-519 
; beginning ...... 148 45 = 0-00020] 0-00020 
Semiarc : 
ending ........ 45-5 20 = 0-00017} 0-00017 
Torsion (90°) .. 2.2.02... 2! 2! Time of 1 vibration corr. 2°-879 | 7°.550 


log K, = 0-46400 


log K = 0-43821 


log m X = 0-51407 


B. Deflection. 


1855, May 12, 3" 30™ p.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 


° ° 
13-0 C., 55-4 Fahr. 
12-2 C., 54-0 Fahr. 

1 foot. 1-33 foot. 1 foot. 1-33 foot. 
Uy == 7° BY 5” | 3° 12! 3” Temp. of magnet. . 13-2 ©. 13-4 C. 
p == 0-00017 | 0-00017 55-7 Fahr.| 56-1 ahr. 
q = 9-00020 | 0.00020 


Detection bar: Hf2. Distances: 1 foot, 1-33 foot. Temp. 


log x = 8-83997 


m = 0-4754 X = Horizontal Intensity = 6-872 
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2. Dr. 


1855, May 12, 115 0™ a.m. local time. 
Dip needle: No. 1. Temp.: 10°-6 C., 51°-1 Fahr. 


End A. 


°o i 
Face to instrument 36 9-0 oot 
Mean a = 36 28.28 





Face reversed ... 36 47-56 
End B. 
° a 
Face to instrument 36 16-0 M = 96 15-82 
Face reversed ... 36 15-63 eae 7 
Mean of the dip = ate = 36 22-05 
Dip corrected for error of needle... 36 25-04 
3. VerticaAL INTENSITY ........... 5-068 
4. Toran Inrensiry............. 8-539 
No. 48. FxXu67, mn Sixx. 
Latitude North. Longitude East Green. Height. 
27° 6' 20” 87° 59’ 0” 12,042 feet. 


On rocks of gneiss. See p. 190. 


Observer: Hermann. 


DECLINATION. 
1855, May 22, 10" 15" p.m. local time. Collimator 1; Theodolite 3, Troughton, Chron. 3. 
Magnetic meridian... 6... ee eee 216 38-5 
True meridian (see p. 191). . 6... eee ee 214 14-0 
Declination Fast... . 2 24-8 
INTENSITY. 


1. Horizonrat Intensity. 
A. Vibration. 
1855, June 10, 2" 0™ p.m. local time. 


Magnet vibrated py ree Temp.: 12°-0 C., 53°-6 Fahr. 
3 L1 with ring. 


Chron. JJ, losing 0°- 3. 
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Without With ‘ Without With 
ring. ring. ring. ring. 
No. of vibrations .. 2... 400 150 Time of 1 vibration... 2°-790 7-484 
ie beginning .... 181 15-5 q = 0-00020 | 0-00020 
Semiare : 
ending ...... 53 2-5 p = 0-00017 | 0-00017 
Torsion (90°) ........ 2' 2' Time of 1 vibration corr. 2*-802 7.517 


log K, = 0-44549 log K = 0-43821 
log mX = 0-53757 


B. Deflection. 
1855, June 10, 5" O™ p.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 
Deflection bar: H2. Distances: 1 foot, 1-33 foot. Temp.: 8°-3 C., 47°-0 Fahr. 


1 foot. 1-33 foot. 1 foot. 1.33 foot. 
eo} 
ty = 7° 3" 35" | 3° 20! 8” Temp. of magnet. . 9-0 C. 8-4 C. 
w = 0-00017 0-00017 48.2 Fahy. | 47-1 Fahy. 
| ! q = 0-00020 0.00020 
m ‘ 
log = 8.89202 
m == 0-5185 X = Horizontal Intensity = 6-648 

2. Dre. 


1855, June 9, 4" 55™ p.m, needle 1, 5" 20™ p.at., needle 2, local time. 
Dip needles: Nos. 1 and 2. Temp.: 7°-9 C., 46°-2 Fahr. 





End A. 
° ‘ > 
| I to instrument 37 3-0 oF 
Needle 1. paar Mean a = 36 59-0 
Face reversed ... 36 55-0 
Face to instrument 36 54-0 
Needle 2. oe phasis Mean a = 37 0-4 
Face reversed ... 37 6-8 
End B. 
° ‘ 4 
Face to instrument 36 45-25 
‘eedle 1. M = B6 46-0 
Neos Face reversed ... 36 46-75 came 
Face to instrument 36 55-38 
Needle 2. Mean 8 = 36 47-75 
pias ( Face reversed ... 36 40-12 ° : ey. 
Needle 1. Mean of the dip ate = 36 52-50 
Needle 2. Mean of the dip ote = 36 54-08 
Dip corrected for error of needle 1 .... 36 55-49 
2 o.... 36 54-43 


General Mean .... 36 54:96 
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3. VerticaL Inrensiry ........... 4.995 


4. Toran Inrensiry..........0.0.. $-316 


No. 49. KatumAnpu, 1 NEPAL. 


Latitude North. Longitude Kast Green. ! Height. 
27° 42! 5” 85° 12’ 9” 4,350 feet. 


On lacustrine deposits of large extent. See p. 192. 


Observer: Hermann. 


DECLINATION. 


1857, March 4, 2" 30™ ».m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


° r 
Magnetic meridian 2... 75 22-5 
True meridian (see p.197). 0... 0 ee ee ee 72 46-7 
Declination East. ... 2 35-8 
INTENSITY. 
1. Horizonran [yrensiry, 
A. Vibration. 
1857, February 27, 3" 0™ p.m. local time. 
° ° 
D1 | 21:9 C, 71-4 Fahr. 


Magnet vibrated Li wiki Temp. 


Chron, H, losing 0°. 2. 


21-6 C., 70-8 Fahr. 


Without With Without With 

ring. ring. ring. ring. 

No. of vibrations... . 300 100 Time of 1 vibration . . 2°-879 7°. 742 
ae (beginning ... 145 154.5 gq = 0-00020 | 0-v0020 
Semiarc : - 2 
ending ..... 27-5 145-5 hw = 0-00017 0-00017 

Torsion (909) 2... 2. 0’ 0! Time of 1 vibration corr. 2°-885 78-758 

log K, = 0-43854 log K = 0-43821 


log mX = 0-51219 


' With reference to the longitude adopted, see the remark at p. 197. 
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B. Deflection. 


1857, February 27, 4" 0™ p.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 
Deflection bar: H3. Distance: 1 foot. Temp.: 20°-2 C., 68°: 4 Fahr. 


1 foot. 1 foot. 
Ug = 7° 42' 0" Temp. of magnet. . 19°-9C., 67°-8 Fahr. 
= 0-00017 gq = 0-00020 
log x = 8-83168 
m = 0-4698 X = Horizontal Intensity = 6-922. 
2. Dr. 


1857, February 23, 14 15™ v.m. local time. 
' Dip needle: No.2. Temp.: 18°-4 C., 65°-1 Fahr. 


End A. 


° i 
5 : 5 o oF 
eg to instrument 37 39-44 Mesacgiat-ay 4084 
Face reversed ... 37 40-43 
End B. 


° f 
Face to instrument 37 23-38 Mean B = 37 27-85 





Face reversed ... 37 32 31 
Mean of the dip ~ +f = 37 338-89 
Dip corrected for error of needle .... 37 34-24 
3. VerticaAL INTENSITY .......-..-.- 5-326 


4. Toran InrensiTy .............. 8-734 
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GROUP VII. 
. KAMAON AND GARHVAL. 
Nainital— Milum.— Mana.— Ussilla. —Masstri. 


No. 50. Narnirdu, in KAmAon. 


Longitude East Green. Height of the Jake 


Latitude North. 
79° 30’ 55” 6,409 feet. 


29° 23' 34” 


On detritus along the southern end of the lake. See p. 197. 


Observer: Adolphe. 


DECLINATION. 
1855, April 28, 64 0" p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 
° ‘ 
Magnetic meridian ©... es 140 29-4 
True meridian (see p. 198) 2... 6. ee ee ee 138 1-2 
Declination East .... 2 28-2 


INTENSITY. 
1. Horizonrau Inrensiry. 
A. Vibration. 
1855, May 3, 9" 40™ a.m. local time. 


Magnet vibrated: B7.  Temp.: 23°-0 C.. 73°-4 Fahr. 


Chron. A, losing 4°-4. 


No. of vibration... ....2.0..008. 604 Time of 1 vibration... 2-0... 3% 029 
is £3 beginning .. 2.2.2.2... 203 i q = 0-00021 
Semiarc ee | e 
ending... 2.222.255 90 B= 0-00017 

12' | Time of 1 vibration corr... 2... 38.078 


Torsion (909) 0.00.00 ee 


log A = 0-26891 log m X = 0-28667 


a 
w 
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B. Deflection. 


1855, May 1, 4" 0™ p.m. local time. 
Magnets: Deflecting B7, deflected B 2. 


° ° 
. : . ( 24-0 ©. 75-2 Fahr. 
Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. $9.1 C. Ti ; ee 
; : . 4 71. ahr. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
°o 
Ug == 3° 27) 11" 1° 37’ 24” Temp. of magnet. . 23-9 C. 21-9 C. 
pw = 0-00017 0-00017 75-0 Fahr. 71-4 Fahy. 
q = 0-00021 0-00021 
log 5 = 8.51293 
m = 0-2511 X = Horizontal Intensity = 7-707 
2. Di. 


1855, May 2, 12 Noon local time. 
Dip needle: No.4. Temp.: 26°-2 C., 79°-2 Fahr. 


End A. 
° a 
Face to instrument 38 35-0 o 8 
M = 38 32-1 
Face reversed ... 38 29-2 anes 
End B. 


° ‘ 
Face to instrument 38 44-20 
Face reversed ... 38 29-95 


Mean of the dip = aif = 38 34-59 


Mean B = 38 37-08 


Dip corrected for error of needle... . 38 33-71 
3. Vertica, INTENSITY ........... 6-144 
4. Tota, INTENSITY ............. 9.856 


No. 51. Mfium, in JowAr. 


Latitude North. Longitude East Green. Height. 
30° 34° 35" 79° 54° 49” 11,640 fect. 


On detritus resting on rocks. See p. 198. 
Observer: Adolphe. 
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DECLINATION. 
1855, July 24, 3" 10" p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 
Magnetic meridian... 2... ee eee 349 53-2 
e True meridian (see p. 200)... ..........---00000- 347 12-9 
Declination East .... 2 40-3 
INTENSITY. 
1. Horizontat Insensity. 
A. Vibration. 
1855, July 2, 9" 20™ a.m. local time. 
Magnet vibrated: B7. Temp:: 19°-0 C., 66°-2 Fahr. 
Chron. 4, losing 4°-6. 
No. of vibrations... ......20.. 260 Time of 1 vibration. ....... 3°. 058 
ee { beginning EE a BE Geet, a2 263 q = 0-00021 
{ending .........0.0. 171 p == 0-00017 
Torsion (90°)... .......00005 9! Time of 1 vibration corr... .. . 3*-073 
; log K = 0-26891 log mX = 0-28798 
B. Deftection. 
1855, June 25, 9" 0" a.m. local time. 
Magnets: Detlecting B7, deflected B 2. 
° ° 
Detlection bar: A. Dist 1 foot, 1-3 foot. T bE 8 Go Be? ane 
eflection bar: A. istances: 1 foot, 1-3 foot. emp. } 1g.y C., 64-8 Fabr. 
1 foot. ' 1-3 foot. | 1 foot. 1-3 foot. 
° ° 
Uy == 3° 27’ 28" 1° 34' 43” | Temp. of magnet... 17-6 C. 18-2 C. 
p. = 0-00017 | 0-00017 63-7 Fahr.| 64-8 Fahr. 
q = 0-00021 0-00021 


log % = 8-48484 


m = 0-2434 X = Horizontal Intensity: = 7-972 


2. Dre. 
1855, June 26, G" 15" p.a. local time. 
Dip needle: No.3.  Temp.: 16°-4 ©., 61°-5 Fahr. 
End A. 


°o és 
I'ace to instrument 42 0-65 


° a 
: Mean a = 41 49-33 
Face reversed ... 41 38-0 
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End B. 
fo} a 
Iacé to instrument 39 20-4 Meanie i ‘ocd 
Face reversed 39 18-4 . 
Mean of the dip = a = 40 34-37 P 
Dip corrected for error of needle .... 40 31-91 
3. VerticaL INTENSITY ..........- 6-815 
4. Toran Intensity. ............, 10-489 
No. 52. MAna, in GAravAL. 
Latitude North. Longitude East Green. Height. 


30° 47’ 0” 79° 20' 50” 10,670 feet. 


See p. 200. 
Observer: Adolphe. 


On detritus of the “Vishnuganga” river. 


DECLINATION. 


1855, September 1, 2" 45™ p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 


° ‘ 
Magnetic meridian... 1... ee ee 51 4-4 
True meridian (see p. 201)... 0.0.2.2... 202 00.4 48 19-5 
Declination East .. . 2 44.9 
INTENSITY. 
1. Horizontay Inrenstry. 
A. Vibration. 
1855, September 1, 45 15™ p.m. local time. 
Magnet vibrated: B7.  Temp.: 17°-6 C., 63°-6 Fahr. 
Chron. A, losing 5°-0. 

No. of vibrations .. 2... .0.020-- 320 | Time of 1 vibration........ 3*- 065 
oh beginning .......... 235 q = 0-00021 
Semiarc : | 

ending............ 138 wp = 0-00017 
Torsion (90°) ....-..-.--.04- 7 | Time of 1 vibration corr... . . . 3°-081° 


log K = 0-26891 


log w X = 0.28583 
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B. Deflection. 
1855, September 1, 8" 30" a.m. local time. 
Magnet: Deflecting B7, deflected B 2. 


° ° 
Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. aX . a oe 
3-3 C., 56-0 Fahr. 





; 1 foot. 1-3 foot. | 1 foot. 1-3 foot. 
o ° 
wyr= 3° 22' 50% | 1° 34’ 20” Temp. of magnet... 13-3 C. 14-0 C. 
w = 0-00017 0-00017 55-9 Fahr. 157-2 Kahr. 
q = 0-00021 | 0-00021 
log X = 8-49117 
m = 0-2446 X = Horizontal Intensity = 7-894 
2. Dr. 


1855, September 1, 5" 45™ p.m. local time. 
Dip needle: No. 3. Temp.: 16°-4 C., 61°-4 Fahr. 
End A. 


o ‘ 
Face to instrument 42 27-8 su - a : 
. Face reversed ... 42 8-0 ean a = 7: 


End B. 


° ‘ 
Face to instrument 40 41-5 


M = 40 37.5 
Face reversed ... 40 33-5 eee e : 





Mean of the dip = até = 41 27-7 

Dip corrected for error of needle .... 41 25-24 

3. Vertical Inrensity ............- 6-965 
4. Toran Intensiry ............--- 10-528 


No. 54. Ussfiua, 1n GARHVAL.' 


Latitude North. Longitude East Green. Height. 
31° 7° 40” 78° 18’ 10” 3,940 feet. 
200 yards south from the village; near a cultivated field. See p. 202. 
Observer: Adolphe. 
' Vor facilitating reference from the magnetic observalions to the astronomical determinations of latitudes and 


longitudes, we here omit those stations where astronomical observations alone have been made, in order that the 
numbers may be uniform with those in Parl IL of this volume. Compare p. 127. 
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INTENSITY. 
1. Hortzontat Intensity. 
A. Vibration. 
1855, October 8, 10" 30™ a.m. local time. 
Magnet vibrated: B7. -Temp.: 13°-2 C., 55°-8 Fahr. 
Chron. A, losing °5*- 2. 


No. of vibrations ............ 220 Time of 1 vibration. ....... 3°-084 
ucts beginning .......... 120 q = 0-00021 
ending ............ 72 wp = 0-00017 
Torsion (90°)... 0... wis end Snore Mane 0’ Time of 1 vibration corr... ... 3°. 100 
log K = 0-26891 - log mX = 0-28049 


B. Deflection. 
1855, October 8, 9" 7™ a.m. local time. 
Magnets: Deflecting B7, deflected B 2. 
10-5 G., 50-9 Fahr. 


2 
Detlection bar: A. Distances: 1 foot, 1-3 foot. Temp. 11-0 C., 51-8 Fahy. 





1 foot. 1-3 foot. 1 foot. 1-3 foot. 
° ° 
y= 8° 27' 35" 1°33’ 3” Temp. of magnet. . 11-5 C. 12-0 ©. 
p. = 0-00017 0-00017 52-7 Fahr. eae Fahr. 
q = 0-00021 0.00021 
log x = 8-46170 
m = 0-2350 X = Horizontal Intensity = 8-116 
2. Die. 


1855, October 8, 11" 30™ a.m. local time. 
Dip needle: No. 3. Temp.: 27°-2 C., 81°-0 Fahr. 


End A. 
o é 
Face to instrument 43 0-80 ont 
Mean a = 43 4-59 
Face reversed ... 43 8-39 
Fnd B. 


°o i 
Face to instrument 4] 24-0 
Face reversed ... 41 29-6 se th A te, 
Mean of the dip = re = 42 15-70 


Mean p = 41 26-8 


Dip corrected for error of needle... . 42 13-24 
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3. Verticat Inrensiry............. 7-366 
4. Toran Inrensiry ............... 10-960 
No. 55. MAsstri, 1In Girnwvdn. 
Latitude North. Longitude East Green. Height. 
30° 28’ 30” 77° 59’ 58” 7,549 feet. 


On a small open place on the southern flanks of the hills. The co-ordinates are 


referred to Bandg Hill. See p. 203. 
Observer: Adolphe. 


INTENSITY. 
1. Horizonra, Intensrry. 
A. Vibration. 


1855, November 7, 8" 0" a.m. local time. 
Magnet vibrated: B7. Temp.: 11°-0 C, 51°-8 Fahr. 
, Chron. A, losing 5*-2. 


No. of vibrations. ..... . 280 Time of | vibration .. . 3*-073 
ol beginning... .. 176-5 gq = 0-00021 
Semiarc : - 
ending ...... 106-5 p = 0-00017 
Torsion (90°) ......... 1’ Time of 1 vibration corr. . . 3°-091 
log K = 0-26891 log mX = 0-28306 


B. Deflection. 
1855, November 6, 45 15™ p.m. local time. 


Magnets: Deflecting B7, deflected B 2. 
Temp.: 14°-0 ©., 57°-2 Fahy. 


Deflection bar: A. Distances: 1 foot, 1-3 foot. 
1 foot. 1-3 foot. 
o 


1 foot. 1-3 foot. | 


° 
Ug = 3° 26/54" | 1932/58" Temp. of magnet .. 14-0 C. 14.0C. 
p = 0-00017 | 0-00017 57-2 Fahr.| 57-2 Fahr. 
q = 0-0002) 0.0002) 


log = = 8-463348 


m = 0-2362 X = Horizontal Intensity = 8-125 
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2. Drr. 
1855, November 6, 8" 45™ a.m. local time. 
Dip needle: No. 3. Temp. 11°-8 C., 53°-2 Fahr. 


End A. 
° é 
Face to instrument 42 3-9 Mean a = 42 4-35 
Face reversed ... 42 4-8 
End B. 


° ‘ 

Face to instrument 40 40-8 

Face reversed ... 40 20-8 “ fi 
Mean of the dip = até = 41 17-58 


Mean p = 40 30-8 





Dip corrected for error of needle .... 41 15-12 

3. VerticaL INTENSITY... ..--..000000- 7-127 

4. Toran INTENSITY © 00 ee 10-807 
GROUP VIII. 






SIMLA TO HAZARA. 


Vangtu bridge —Rampur—Simla.—Sultanpur.—K 4rdong.—Srinagger.—Daver.—Mozaferabid.— Marr 


No. 56. VAnertu, 1x THE Province or Simua. 


Latitude North. Longitude [ast Green. Height. 
31° 37' 0” 77° §4' O” 4,200 feet. 
On detritus accumulated by the S&tlej, 50 feet above the level of the river 
See p. 203. 


Observer: Hermann. 


Dr. 
1856, June 4, 7° 45™ p.m. local time. 
Dip needle: No. 2. Temp. 17°-6 C., 63°-7 Fahr. 


End A. 
I 3 19 | 
‘ace to instrument 43 19-5 o 8 ! 
Deer: Mean a = 43 19-0 
Face reversed ... 43 18-5 A 
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End B. 


°o i 
Face to instrument 43 29-0 


Face reversed ... 43 23-2 pes, 


a+ 
2 


Dip corrected for error of needle... . 


B _ 43 99.55 





Mean of the dip = 
43 22-80 


No. 57. RAmpur, m= tHE Province oF Sima. 
Height. 


3,215 feet. 


Longitude East Green. 


7970 |7tg" 


Latitude North. 
31° 31’ 0” 


Near the village; on alluvial soil deposited by the Natlej. See p. 203. 


Observer: Hermann. 


Dip. 


1856, June 2, 6" 35" p.m. local time. 
Dip needle: No.2. Temp.: 16°-7 C., 62°-1 Fahr. 





End A. 
o ‘ 
Ve fo instr t 42 37-8 oY 
Bee to instrumen 3 : wowing en ao deeds 
Face reversed 42 54-5 
End B. 
. ° ‘ 
is i 2 38-0 
ae to instrument 42 3. Mean @ <= 42 46-0 
Face reversed 42 54-0 pee, 
Mean of the dip = ste == 42 46-08 
42 46-43 


Dip corrected for error of needle... . 


No. 58. 


Latitude North. 
Ble & 6B” 


On a mountain ridge thinly covered with decomposed rocks. 


Longitude East Green. 


Sfmya, um THu Province oF SiMLA. 


Height. 
77° 7! 36" 7,091 feet. 


See p. 204. 


Observer: Adolphe. 


53 
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DECLINATION. 
1856, May 15, 2" 30™ p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron, 3. 
° / 
Magnetic meridian. . 2... 6 ee ee 13° 1-0 
True meridian (see p. 205)... 6. ee eee 10 5-5 
Declination East 2 55-5 
INTENSITY. 
1. Horizontau Intensity. 
A. Vibration. 
1856, May 17, 11" 30™ a.m. local time. 
Magnet vibrated: D1. Temp.: 20°-4 C., 68°-7 Fahr. 
Chron. A, losing 3°-0. s 
No. of vibrations ....... 400 | Time of 1 vibration ..... 28-890 
ob rons beginning ..... 150-5 | q¢ = 0-00020 
Semiare ‘ | . 
ending. ...... 92-5 py. = 0-00017 
Torsion (90°)... 0.2... 3' | Time of 1 vibration corr. . . 2°-898 
log K = 0-43821 log mX = 0-50836 


B. Deflection. 


1856, May 17, 3" 27™ p.m. local time. 
Magnets: Deflecting L1, deflected H 21. _ 


Deflection bar: H3. Distances: 1 foot, 1-3 foot. Temp.: 22°-2 C., 72°-0 Fahr. 





1 foot. | 1-3 foot. : 1 foot. 1-3 foot. 
Uy == 7° 5/17" | 3° 14 53” Temp. of magnet... . 29. J C. ‘21-7 C. 
p. = 0-00017 0.00017 71-8 Fahy. 71-1 Fahy. 
q = 0-00020 0.00020 
log x -= 4-79877 


m = 0-4504 X = Horizontal Intensity = 7-158. 
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2. Dr. 
1856, May 15, 38 0™ to 5" 0™ p.m. local time. 
Dip Needles. Dip. 
°o t 
No. 1 42 26-10 
, 2 42 28.38 
“ane 42 27-80 
» 4 42 37-72 


Resulting Dip (mean of the four determinations) 42 30-0 


The detail of the observations see in connection with the comparison of the 
needles, p. 296. 


3. VerticaL IntTENgITY........... 6-559 
4. Toran INTENSITY. ............ 9-709 
No. 59. Suurdnrur, 1n Kuuv. 

Jatitude North. Wongitude East Green. Height. 
31° 57’ 50” 77° 5’ 50” 3,830 feet. 


On a high bank of diluvium, on the Bias river. See p. 205. 


Observer: Adolphe. 


DECLINATION. 


1856, June 5, 11" 40™ aa. local time. Theodolite 3, and Needle, Troughton; Chron. 1. 


° ‘ 
_ Magnetic meridian 2... eee 229 8-6 
True meridian (see p. 206)... 0... es 226 6-0 
Declination East .... 3 2-6 


Dre. - 
1856, June 5, 8 30" a.m. local time. 


Dip needle: No.3. ‘Temp.: 20°-0 €., 68°-0 Fahr. 


End A. 

°° at 
Face to instr t 44 34-0 O57. ih 
pa oO lstrumen 4 > Mean —— 44 35-5 
Face reversed . 2. 44 37-0 


420 MAGNETIC OBSERVATIONS. 


End B. 


° ‘ 
Face to instrument 43 17-3 


° ‘ 
: : Mean B = 43 13-8 
Face reversed ... 43 10-3 8 . 


Mean of the dip = atk = 43 54-65 


Dip corrected for error of needle... . 43 52-19 


No. 60. KArpone, in Lanén. 


Latitude North. Longitude East Green. Height. 
32° 33’ 50” 77° 0! 35” é 10,233 feet. 


On detritus deposited by the river “Chindb”. See p. 206. 
Observer: Adolphe. 


DECLINATION. 


1856, June 14, $* 0" a.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 


° é 
Magnetic meridian... 00 es 140 49-1 
True meridian (see p. 206) 2... ee 137 25-8 
Declination East... . 3 23.3 
INTENSITY. 


1. Hormonvau Inrensrry. 
A. Vibration. 
1856, June 14, 12 30" p.m. local time. 
Magnet vibrated: B7.  Temp.: 19°-2 C., 66°-5 Fahr. 


Chron. A, losing 4°-5. 


No. of vibrations... 0... 300 Time of 1 vibration... . . 3°-226 
. \ beginning ...... 208 gq = 0-00021 
Semiare : Sy 
(ending........ 53 p. = 0-00017 
Torsion (90°)... - 2-0 eee 3’ Time of 1 vibration corr. . . 3*-241 


log K = 0-263891 log mX = 0-24179 


GROUP VIL. SiMLA TO HAZARA. 421 


B. Deflection. 
1856, June 14, 4"0™ p.m. local time. 


Magnets: Deflecting B7, deflected B 2. 


Qo oO 
14-4 C., 58-0 Fahr. 


Detection bar: A. Distances: 1 foot, 1-3 foot. ‘Temp. : 
13-8 C., 56-8 Fahy. 


1 foot. 1-3 foot. , 1 foot. 1-3 foot. 
° ° 

y= 3° 19! 41” 1° 30’ 22” Temp. of magnet. . 11-4 €. 13-0 C, 
p = 0-00017 0-00017 62-5 Fahr.| 55-4 ahve. 

gq = 9.00021) | 0-00021 

Ms oS aig’ 
log x= 8.45520 
m = 0-2231 X = Horizontal Intensity = 7-821 
2. Dir. 


1856, June 12, 4" 40" p.m. local time. 


Dip needle: No, 3. Temp.: 16°-0 ©, 609-8 Fahr. 


End A. 
° ‘ 
Face to instrument 45 0-4 Ons 
7 Mean a = 45 16-4 
Face reversed ... 45 32-4 
End B. 


‘ 


° 
Face to instrument 43 48-8 


Mean B = 43 45-4 
Face reversed... . 43 42-0 SP 


Mean of the dip = a z= 44 30-90 


Dip corrected for error of needle .... 44 28-44 
3. VervicAL INTENSITY ........ 7-679 
4. Toran Intensity .......... 10-960 


No. 61. Srindecer, Cariran or Kasumir. 


Latitude North. Longitude East Green. Height. 
24° 4! 36" 74° 48° 30” 4,144 feet. 


On very fertile lacustrine deposits, in a garden. Nee p. 206. 


Observers: Adolphe and Robert. 


MAGNETIC OBSERVATIONS. 


DECLINATION. 


1856, October 25, 4" 50™ p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 3. 
Magnetic meridian 


Cider Woe Bacto, See sldiou tee te gs BOT ot Gale, eesae Al 239 10-4 
True meridian (see p. 209)... 2.2... eee ee ee 236 10-5 
Declination East.... 2 59-9 
INTENSITY. 


1. Horizonrau Intensity. 


A. Vibration. 
1856, October 21, 3" 20™ p.m. local time. 


Magnet vibrated: B7. Temp.: 19°-4 C., 67°-0 Fahr. 


Chron. 3, gaining 15-01. 
No. of vibrations 


Sig te dees aes 100 Time of 1 vibration... ... . 38-320 

Genes beginning ......... 167 q = 00021 
ending... .....--., 56 . p = 0-00017 

Torsion (90°)... 2.2.0 2. eee 8’ Time of 1 vibration corr... . . 3°-336 


log K = 0-26891 log mX = 0-21676 


B. Deflection. 
1856, October 22, 3" 30™ p.m. local time. 
Magnets: Deflecting B7, deflected B 2. 


Deflection bar: A. 


° ° 
19-1 C., 66-3 Fahr. 
Distances: 1-3 foot, 1-5 foot. 





Temp. 
P’) ig-4 ©. 65-2 Fahr. 
1-3 foot. 1-5 foot. 1-3 foot. | 1-5 foot. 
° lo 
Ug = 1° 42/42" | 0° 58’ 49” Temp. of magnet . . 19-2 C. 18-3 C. 
p = 0-00017 0-00017 66-5 Fahr. 65-0 Fahr. 
| q =~ 0-00021 0-00021 


log x = 8-55001 


m = 0-2418 X = Horizontal Intensity = 6-814 
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2. Dir. 
1856, October 23, 2" 0™ to 3” 50™ p.m. local time. 
Dip Needles. Dip. 
° ‘ 
No. 1 46 48-80 
2 46 51-02 
3 46 57-27 
4 46 44-01 


Resulting Dip (mean of the four determinations) 46 58-28 


The detail of the observations see in connection with the comparison of the 
needles, p. 297. 
3. VerticaL Invensiry ............. 7-300 


4. Tora, Intensiry ............... 9-986 


SRINAGGER DAILY VARIATIONS. 
A. Declination. 
From October 27 to October 31 observations on the daily variation of the decli- 
nation were made, the units of the scale readings being tenths of a minute. The 
time of the observation includes maximum and minimum, and consequently the curves 


could easily be completed for the few remaining hours of the night. 


Increasing numbers correspond to an easterly motion of the declination. 


Scale Readings of the Declinometer. 
SRINAGGER, 1856, October. 


Unit = 4, Minute. 


1856, 4h am. GH ge Noon 2pm. 4h GC 7 gh yo 108 paw 


Oct. 27 285 285 292 300 303 301 299 298 298 297 296 
» «28 285 286 293 298 300 299 294 292 293 293 292 
» 29 292 293 293 296 299 293 292 291 291 290 289 
» «30 293 293 292 296 297 299 299 297 296 297 297 
» 31 270 270 276 272 268 267 268 267 268 267 267 

Mean... 285-0 285-4 289-2 292-4 293-4 291-8 290-4 289-0 269.2 288-8 288-2 


If, after completing the curves, we take the mean of the 24 hours, we obtain as 


differences the following values for the daily variation corresponding to each hour: 
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Decrinarron at Srixigcer; Daily Variation: 1836, October 27 to 31, local time. 


A.M. P.M. 
Midnight — 0-25 Noon + 0-36 
1 — 0-21 1 + 0-39 
2 — 0-28 2 -+ 0-46 
3 — 0-33 3 + 0-39 
4 — 0-38 4 + 0-30 
5 — 0-38 5 -+ 0-19 
6 — 0-34 6 4- 0-16 
7 — 0-19 7 + 0-01 
8 — 0-03 8 -+ 0-04 
9 -+ 0-03 9 — 0-00 
10 + 0-13 10 — 0-08 
11 + 0-11 11 — 0-17 


In Fig. 3, Plate 2 (p. 386), the curves of these differences, with the corresponding 
observations at Bombay, are drawn. The hours and the general form coincide very 


well for November, but the amplitude is considerably smaller at Srinagger. 


B. Horizontal Intensity. 


The detlection by L 1 was observed from October 27 to 31, from 6" a.m. to 6° P.M. 
The scale readings are tenths of the minute, and their differences, multiplied by 
()+00322, give the absolute values of variations of horizontal intensity in English units. 


Increasing numbers correspond to af increase of intensity. 


~ e 
DEFLECTION at SRindAGGER, 1856, October, local time. 





6" A.M. gh Noon 2h pm. 4h Gh 

October 27 280 280 271 280 280 281 

a 28 280 280 280 280 267 268 

29 275 277 270 268 268 268 

30 275 278 278 268 268 268 

% 31 300 300 298 298 300 300 
Mean.......... 282-0 «283-0 279-4 278-6 276-6 277-0 

Differences (Savile: diye scale readings +1-0 — 3-6 —0-6 —2-2 +0-4 


tions of Horizontal 


hitensity } in absolute values -+- 0-00322 — 0.01159 — 0-00193 — 0-00708 + 0-00129 
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Vartation oF Honizontat Intexsiry at Bompay, 1856, October, local time. 





6" 12" a. M. gh ]Q™ 12" 12™ py. Qh 12m 4" 1Q™ 6h JQ" 

October 27 Sank oS ents peas 8-0438 8-0432 

‘ 28 8-0481 8-0540 8-0557 8-0497 8-0457 8-042] 

7 29 8-0454 8-0546 8-0559 8-0524 8.0473 #-0426 

5 30 8-0388 &-0534 8.0585 8-0516 8-0461 8.0409 

% 31 8-0453 8-0538 8-0579 8-0518 8.0483 8-0459 

Mean... .. 8-0444  8-05395 —8-0570 8-051375 8-04624 ~—-8-04.94 
Differences (variations of —_——— SS — —_— 
Horizontal Intensity + 0-00955 + 0-00305 — 0-005625 — 0-005134 — 0-00330 


in absolute values) 


No. 62. DAven, iy Kasumin. 


Latitude North. Longitude East Green. Height. 
34° 34! 5" 74° 46' 0” 7,718 feet. 


Near the fort; on alluvial soil. See p. 209. 
Observer: Adolphe. 


Div. 


1836, October 4, 7" 45™ a.m. local time. 
Dip needle: No.4.  Temp.: 10°-6 ©. 51°-1 Fahr. 


End A. 


° f 
Face to instrument 47 39-5 
Face reversed ... 47 35-6 


End B. 


“lo 
a 
sis 
un 
oe 


Meana = 4 


° ‘ 
F to instr t 47 48-6 
a o instrumen : 4 Mean B = 47 47-5 
Face reversed ... 47 46-4 pat 2 
Mean of the dip = s+E = 47 42.53 


Dip corrected for error of needle... . 47 41-65 


No. 63. MozArrerasdp, mv Kasunirz. 


Latitude North. Longitude East Green. Height. 
34° 22’ 25” 73° 31’ 10” 2,220 feet. 


On a level place, covered with grass. See p. 210. 
. Observer: Robert. 
I. 54 


426 MAGNETIC ODSERVATIONS. 





DECLINATION. 

1856, November 10, 5" 30" p.m. local time. Collimator 1!; Theodolite 3, Jones; Chron. 5. 
Magnetic meridian... 2... ee ee eee 166 50-5 
‘True meridian (see p. 212) 2... 2... 020000... ee eee 163 26-6 

Declination East. ... 3 23-9 
INTENSITY. 
1. Horizonrar Intensity. 
A. Vibration. 

1856, November 10, 1" 30 p.at. local time. 

I ° ° 

1 19-8 C., 67-6 Fahy. 

Magnet vibrated . Temp. ; 

" : L1 with ring. "P: ) 90.0 C., 68-0 Fahy. 


Chron. 5, Grant, gaining 14°-0. 


Without | With Without | With 


ring. ring. ring. ring. 
No. of vibrations ...... 550 300 Time of 1 vibration .... 38-017) 188-114 
We 2s { beginning... . 218-5 165 q == 0-00020 | 0.00020 
Semiare } ; . _ ‘ 
{ending ...... 79-5 139-5 p. == 0-00017 | 0-00017 
Torsion (90°) 2.2.0... 2! 2! Time of 1 vibration corr. . 3°-025 | 8-134 
log K, = 0-43868 log K = 0-43821 


log mX = 0-47097 


B. Deflection. 
1856, November 10, 45 0™ p.m. local time. 
Magnets: Deflecting Z 1, deflected H 21. 


° fe} 
( 19-6 C., 67-3 Fahr. 


Deflection bar: H3. Distances: 1 foot, 1-3 foot. ‘Temp. 19-2 C, 66-6 Fahy. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
y= 7° 10! 9" | 3° 20° 54” Temp. of magnet . . 19-6 C. 19-2 C. 
uw = 0-00017 0-00017 67-3 Fahr.| 66-6 Fahr. 
4g =: 0-00020 | 0-00020 
log x = 8-82402 
m == 0-444 X = Horizontal Intensity = 6-660 


1 On the way from Kashmir to Raulpind? Adolphe and Hermamn travelled together, and Robert had Hermann’s 
magnetic instruments with him. 
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2. Dir. 
1856, November 11, 8" 5™ a.m. local time. 
Dip needle: No.2.  ‘Temp.: 8°-9 ©. 48°-0 Fahr. 
End A. 


O° a 
Face to instrument 47 14-6 of 
Mean 2 == 47 14-05 





Face reversed ... 47 13-5 
End B. 
° ‘ 
Face to instrument 47 57-0 ; 
Mean B = 47 25-25 
Face reversed ... 46 53-5 26 
Mean of the dip = Z + Bie 47 19-65 


Dip corrected for error of needle... . 47 20-00 


9 


3. Vertican Intensiry........... 7-296 


4. Toran Inrensiry............. 9-827 


No. 64. MéAnrri, = THE Province or MAani. 


Latitude North. Longitude Last Green. Height. 
33° 51’ 0” 73° 22’ 40” 7,260 feét. 


In one of the gardens of the station. See p. 213. 


Observers: Hermann and Adolphe. 


DECLINATION. 


1856, November 13, 6" 20™ p.m. local time. Collimator 2; Theodolite 3, Troughton: Chron 1. 


° f 
Magnetic meridian 2... 0. ee 53 5-7 
True meridian (see p. 214) 0. 0 es 49 44-6 
Declination East... . 3 21-1 


, 
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INTENSITY. 
1. Horizonrau Inrensrry. 
A. Vibration. 
1856, November 15, 5" 37" v.m. local time. 
Magnet vibrated: B7. Temp.: 10°-1 C., 50°-2 Kahr. 
Chron. A, losing 3°-0. 


No. of vibrations... ..... 380 Time of 1 vibration... . . 3°. 289 
. beginning ..... 131-5 | q = 0-00021 
Semiare . 
ending....... 80 | p. = 0-00017 
Torsion (90°)... ......-. 3’ { Time of 1 vibration corr. . . 3°-310 
log K = 0-26891 log m X = 0-22355 


LB. Deflection. 
1856, November 13, 3" 17” p.m. local time. 


Magnets: deflecting B7, deflected B 2. 
Detlection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 11°-1 ©. 52°-0 Fah. 


1 foot. 1-3 foot. | 1 toot. 1-3 foot. 
°o ° 
Mg = 3° 22! 9" | 1° 41! 3" Temp. of magnet. . 11-1 €. 11-1 ©. 
p. = 0-00017 | 0-00017 52-0 Fahr. | 52-0 Fahr. 
q = 0-00021 0.00021 
log x = 8-57325 
m = 0-2503 X = Horizontal Intensity = 6-686 
2. Dre. 
A. 1856, November 13, 4" 30™ v.a. local time. 
Dip needle: No. 3. Temp.: 27°-7 €., 81°-8 Fah. 
End A. 
° ‘ 
Face to instrument 46 46-2 Ot 
Mean a = 46 49-3 
Face reversed ... 46 52-4 
_ End LB. 


° 


i 
Face to instrument 45 30-3 . 
. _ s Mean 6 = 45 30.5 
Face reversed 2... 45 30-7 Te om 
Mean of the dip = ave = 46 9-90 


Dip corrected for error of needle... . 460 7-44 
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BL. 1856, November 15, 12" 30™ p.at. local time. 


Dip needle: No. 3. Temp.: 22°-8 (., 73°-1 Fahr. 





End A. 
fo} ‘ 
|< to instrument 46 47-0 On, i 
Face to instrumen 7 Menno = 46 42-9 
Face reversed ... 46 38-8 
End B. 
ce} ‘ 
Face to instrument 45 11-5 
re ees i Mean B = 45 18-5 
Face reversed ... 45 25-5 : 
Mean of the dip = + Bes 46 0-70 
Dip corrected for error of needle... . 45 58-24 
General Mean... . 46 2-84 
3. VenticaAL Inrensrry ... 2.0.00 0000004. 6.935 
4. Tovan Intensity ............-.05004 9-633 


b. TIBET. 


GROUP IX. 
GNARL KHORSUM. 


In calculating our observations taken in this province, we found that the readings 
were generally insufficient or inaccurate. This arises chiefly from the difficulties under 
which we had to make them. When travelling in disguise, as we did in this case, 
we were obliged to pack up hurriedly, or to conceal our instruments, whenever we 
suw people not belonging to us approaching our camp. Subsequently, however, we 
learnt. by experience to take precautions against disturbance, by stationing outposts 


in advance of us. 
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GROUP X. 
LADAK. 


Mad.—Tsomoriri.—TsomognalariLeh. — Padum.—Sasser_ pass.—Kargil.—Dras. 


No. 74. Mop, m Spitr. 


Latitude North. Longitude East Green. Height. 
31° 55’ 35" 78° 1’ 20" 12,421 feet. 


On a high bank of detritus of sedimentary rocks. See p. 228. 


Observer: Hermann. 


DECLINATION. 
1856, June 13, 2" 30™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
° ¥ 
Magnetic meridian... 2... 0... ee eee 62 19-4 
True meridian (see p. 229) .................008. 58 35-9 
Declination East... . 3 43-5 
Dir. 
1856, June 13, 650™ p.m. local time. 
Dip needle: No.2. Temp.: 10°-6 C., 51°-1 Fahr. 
End A. 
° a 
F to inst t 44 22-0 o 
nee oO instrumen hangect- ae ane 
Face reversed ... 44 11-8 
End B. 
° ‘ 
Face to instrument 44 18-3 c 
Face reversed ... 44 17-8 Mean B = 44 18-05 
Mean of the dip = ate = 44 17-48 
Dip corrected for error of needle .... 44 17-83 
No. 75. Tsomorini Satt Lake, 1n Spitt. 
Latitude North. Longitude East Green. Height. 
32° 45! 25” 78° 16' 36” 15,130 feet. 


On. the mght shore of the lake, in a place formerly under water, and at present 


covered with saline deposits. See p, 229. 


Observer: Hermann. 
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DECLINATION. 
1856, June 21, 4" 50™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
°o é 
Magnetic meridian... 2-0 ee ee 115 21-3 
True meridian (see p. 231). ........0 2.200002 0005 ‘2 11-4 
Declination East... . 3. 9-9 


Dr. 
1856, June 22, 4" 30™ p.m. local time. 
Dip needle: No.2. Temp.: 8°-4 C., 47°-1 Fahy. 


End A. 
° ’ 
ie a a FP re °o ‘ 
Face to instrument 45 37-2 Mean a =z 45 22-0 
Face reversed ... 45 6-8 
End B. 


° i 
4 } . > 5 2.8 
Hace to instrument 45 16-8 Moai es ae Teh 
Face reversed ... 45 19-0 oe 
; Mean of the dip = aa = 45 19-95 


Dip corrected for error of needle .... 45 20-30 


No. 76. TsomMoGNaLanri, THE Great Saur Lakes, 1n THE Disrricr or PANnGKOnG. 


Latitude North. Longitude East Green. Height. 
33° 39! 50” 78° 38° 30” 14,010 feet. 


On a terrace of gravel, on the left shore of the lake. See p. 231. 


Observer: Hermann. 


DECLINATION. 
1856, July 2, 9" 10" a.at. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
° is 
Magnetic meridian... 2. ee eee G6 B83 
‘True meridian (see p. 232) 2.2.00 0... ee ee eee G2 46-5 
Declination East... . 3 21-8 
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INTENSITY. 
1. Horizontau Intensiry. 


A. Vibration. 


1856; July 2, 2" 30™ p.m. local time. 


° ° 
D1 15-8 C., 60-4 Fahr. 
Magnet. vibrat . : 
hare ADREeE 9 ra ith ve Te) 4-16 BLO Lae, 
Chron. 3, gaining 1°-01. 


Without , With Without) With 


ring. ving. ring. ‘ring. 

No. of vibrations ......: 200 31 Time of 1 vibration .... 2° 977 |7°-948 
hey th beginning ..... 140 80 q = 0-00020)0-00020 
Semiarc ; ‘ a 
ending ...... 70 70 ph = 0-00017/0-00017 

Torsion (90°) 2... ....- oo | Of Time of 1 vibration corr. 38-008 17°.975 


log K, = 0-44591 log K = 0-43821 
log mX = 0-47591 


B. Deflection. 
1856, July 2, 9" 30™ a.m. local time. 


Magnets: Deflecting £1, detlected H 21. 


° o 
2 14-4 C., 57-9 Fahy. 
Deflection bar: H3. Distances: 1 foot, 1-3 foot. a 


Temp. 
MP: ) 15.0 C., 59-0 Fahr. 
1 foot. 1-3 foot. 1 foot. 1-3 foot. 
° 
Uy = 7° 27' 48" | 3° 21’ 59” Temp. of magnet. . 13-9 C. 14-8 ©. 
py = 0-00017 0-00017 57-0 Fahr. | 58-6 Fahi. 
2 q = 0-00020 0-00020 
m 
log x= 8.80370 
m = 0-4363 X = Horizontal Intensity = 6-856 


2. Dre. 
1856, July 3, 12" Noon local time. 
Dip needle: No.2. Temp.: 14°-1 C., 57°-4 Fahr. 
Tind A. 


° f 
Face to instrument 46 30-8 


° i 
: Mean a =: 46 34-25 
Face reversed ... 46 37-7 
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ind B. 


Oo a 
Face to instrument 46 33-0 Mean 8 == ie fe 








Face reversed ... 46 33-3 es te 
Mean of the dip = = + B _ 46 33-70 

Dip corrected for error of needle... . 46 34-05 

3. VertricaL INTENSITY ............ 7-242 
4. Torat Invensity............0.-. 9-972 


No. 78. Leu, mw Lapix. 


Latitude North. Longitude East Green. Height. 
34° 8/ 21” 77° 14’ 36" 11,527 feet. 


In a large open place at the lower end of the town.' See p. 234, 


Observer: Hermann and Robert. 


FIRST SERIES. 


DECLINATION. 
1856, July 18, 3 35™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 
° 
Magnetic meridian. 2... ee ee 139 0-3 
True meridian, (see p. 241) 0. ee ee 135 36-2 
Declination East .... 3 24-1 
INTENSITY. 


1. Hortzonran Iwrensity. 
A. Vibration. 
1856, July 16, 11° 56™ a.at. local time. 


°o ° 
Fe LI ; 29- -, Bd. “aly. 
Magnet. vibrated . : Temp. Sa ES ME 
1 with ring. 30-0 ©. 86-0 Fahr. 


Chron. H, losing 08-3. 


* Compare plate 9 of the Atlas of Panoramas, Views, &c., giving a general view of the town, aud showing also 


the posilion of the tent with the magnetic instruments. 


we 
oe 


TI. 
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Without. With Without | With 
ring. ring. ring. «ring. 
No. of vibrations ...... 400 100 Time of 1 vibration ..... 29-973 | 88-071 
hn beginning .... 132 19-5 q¢ = 0-00020} 0-00020 
Semiare ‘ at 
ending ...... 37-5 | 165 w == 0-00017 | 0.00017 
Torsion (90°). 2.2.2... 6! 6 ‘Time of 1 vibration corr. . . 28-977 | 8*-080 
log K, = 0-42926 log kK = 0:43821 


log mX == 0-48495 * 


B. Deflection. 
1856, July 17, 10" 10™ a.m. local time. 
Magnets: Deflecting Z1, deflected H 21. 
25-8 C., 78-4: Fabr. 
26-2 C., 79-2 Fahv. 
1 foot. | 1-3 foot. | 1 foot. 1-3 foot. 


Deflection bar: 43. Distances: 1 foot, 1-3 foot. Temp. 


Hy = 7° 9! 29" 3° 16' 9” Temp. of magnet . . 25-0 C, 26-6 C. 
- p. = 0.00017 | a0 77-0 ¥abr.! 79-9 Fabr. 
y = 0-00020 | 0-00020 





. log x = 8-80055 
m = 0.4393 X = Horizontal Intensity = 6-953 


2. Dr. 


1856, July 16, 4" 30” p.at. local time. 


Dip needle: No.2. Temp.: 27°-8 C.; 82°-5 Fahr. 


End A. 
2 f 
Face to instrument 47 0-0 of 
; Meana = 46 55-86 
Face reversed ... 46 51-72 
End B. 
o i 
Face to instrument 46 48-77 M GT 
Face reversed ... 46 48-68 ne ae cea 
Mean of the dip = ate = 46 52-29 
Dip corrected for error of needle .... 46 52-64 
3. VerticaL INTENSITY .. 00.00.0000... 7-426 


4. Toran INVENSITY |.........,..... 10-172 
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SECOND SERIES.' 
DECLINATION. 


1856, September 30, 5" 50" p.m. local time. Collimator 1; Theodolite 1, Jones; Chron. 3. 
° , 
Magnetic meridian. 22... ee eee 228 36-7 
True meridian (see p. 241) 22... ee eee 225 15-6 
Declination East ... . 3 21-1 
INTENSITY. 


1. Horizonran Intenstry. 
A. Vibration. 
1856, September 29, 44 0" p.m. local time. 
Magnet vibrated: 21. Temp.: 10°-8 ©. 419-5 Fahr. 
Chron. H, losing 0°-5. 


No. of vibrations... ....... 100 | Time of ij vibration ....... 28.992 
Seine heginamg Steyn ies, 8 BD 4¢ = 0-00020 
ending .......... 109-5 pw = 0-00017 
Torsion (90°)... ......00, 9’ Time of 1 vibration corr... . . 3°-007 
log K = 0-43821 log mX = 0-47625 


B. Deflection. 
1856, September 28, 5" 0™ p.m. local time. 
Magnets: Deflecting Z1, deflected #21. 


° ° . 
13-0 C., 55-4 Fahr. 


Deflection bar: #73. Distances: 1 foot, 1-3 foot. Temp. : 
12-0 CG. 53-6 Fahr. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
ty = 799117" 3° 16’ 17” Temp. of magnet . . 13-0 CG. 12-0 C. 
ph = 0-00017 0-00017 55-4 Fahr. | 53-6 Fahr. 
qg = 9-00020 0-00020 
log = 8-80184 
mo == 0-4355 X = Horizontal Intensity = 6-873 


' A combination of observations, not quite so complete, July 17 and 18, gave: 


log’ By is cee es 0:43382 | 

Dip.... 00.00. 46 59/64 lc saat hs eesd 
Hotizontal Intensity”. "923 compare Miinchner gelehrte Anzeigen, 
a : 1859, No. 37. 

Total Intensity ... 10-126 


Though the differeuce is but very small, we thought it preferable not to take the mean of all three. 


Ab * 
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2. Dre. 
1856, September 28, 10" 0" a.m. local time. 
Dip needle: No.2. Temp.: 14°-2 C., 57°-6 Fahy. 
. End A. 


°o i 
Face to instrument 46 46-19 


° a 
: Mean a = 46 45-02 
Face reversed ... 46 43-84 


End B. 


Q ‘ 
Face to instrument 46 55-67 
Face reversed ... 46 57-34 


Mean B = 46 56-51 
Mean of the dip = = = 46 50-77 


Dip corrected for error of needle... . 46 51-12 
Mean of the two series .......... 46 51-88 
3. VeriicaL [Ntenstry ........0...- 7-336 
4+. ora, Invenstry ....0..00000 000-5 10-0353 


DAILY VARIATIONS. 
1. DecLination. 

‘The daily variations of the declination were regularly observed at Leh, during our 
absence in Turkistan in the months of August and September. 

We jut up the magnet D2 in a box similar to the vibration apparatus; a scale, 
which was reflected in the mirror attached to the magnet, showed its angular motion. 

The scale rested on a portion ot a circle, the radius of which was its distance 
from the centre of the magnet; the units read on the scale were 4 minute, and its 
neutral point (the original position of the 0 point) was arbitrary. 

The regular observations were made during our absence from 6" A.M. to &" P.M, 
and the hours were changed periodically, the better to define the daily motion. Ob- 
servations taken by ourselves, before our departure and after our return from Turkistan, 
showed the time of greatest maximum to be 6" 30" a.m, and the time of greatest 


ininimum 8” 30" pow, which were data very valuable for the construction of the com- 


plete daily curve. 
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On the 6th of August,’ Harkishen observed a decided vertical oscillation of the 
magnets, which lasted for nearly 14 hours. Though not at all aware of the possi- 
bility of such an oscillation occurring, yet he noted it down as a very remarkable 
phenomenon. At Bombay, the day is not marked as a day of disturbances. Only 
three similar instances of “constant vertical motion” have till now been recorded in 
Van Diemen’s Island. 

The following tables contain the daily observations for August and September. The 
increasing numbers indicate a more easterly motion of the north end of the needle. 

' General Sabine’s observations have shown, that the month of September, in both hemispheres, in particularly 


rich in disturbances. 


2 Compare Humboldt’s Cosmos. Vol. IV., p. 128. 
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DAILY OBSERVATIONS OF THE DECLINATION AT LEH. 
Unit = ¥,, Minute in Arc. 


A. August, 1856. 


1856, AM. oM. Noon. p.m. 
August. 6 19h qh Qh 
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B. September, 1856. 













1856, 
September. 
































For taking the means, the different hours of observation were combined as 


follows: 
Wy (G 4+ 7) = 6" 30™; 1/, (9 + 10) = 9" 30; 4 (10 + 12) = 11"; 4% (12 4 1) = 12.30"; 
‘h(2 + 2)4+1_ py. 2O+394+2_ yy, 2A+44F3_ wy. 2OtS +4 _ gy, 
2 * 2 ’ 2 = a 9 — ’ 
hG44+6)+5_ 5,. hO+D+6_ -. hG+8+7_ 4 
2 , A : 2 
The means so obtained are given in the following tables; but we have divided 


the results by 40 in order to show the differences in decimals of real minutes. 


ix, 1856, August 1 to 31. September 1 to 12. 
6 30 + 1-288 + 0-870 4 
9 30 0-992 0-625 
11 0 0-871 0-582 
12 30 0-594 0-454. 

1 0 0-568 0-418 

2 0 0-526 : (0.385 

3.0 0.537 0-399 

4 0 0-534 0-437 

5 0 0-471 0-470 

G oO 0-402 0-450 

7 0 0-381 0-418 
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The absolute values were found: 


° i 
Declination { July 31 ...... 3 24-1 
Kast ! September 30... 3 21-1 


These two values, as well as the comparison of the variation in August and Sep- 
tember, show that the declination during this period became a little more westerly; 
but the quantity is so small, that its numerical value remains unimportant. 

The daily change of the magnetic declination is represented in curves (fig. 4, 
plate 2, p. 386), in which the data above communicated are introduced; the co-ordinates 


are the hours and ‘io of the minutes of arc, the latter co-ordinates being at the same 


time referred to the true mean of the variation. 


‘ 1856, August 1 to 31. September 1 to 12. 
12 Midnight — 0-29 — 0-17 
] A.M. — 0-19 — 0-06 
2 — 0-06 -|- 0-05 
3 4- 0-06 + 0-13 
4 --+ 0-24 -- 0-22 
5 + 0-46 + 0-31 
i ++ 0.59 + 0-33 
; + 0-61 + 0-31 
s ++ 0653 + 0-22 
" ++ 0-37 -- 0-12 
10 - 0-26 -+ 0-08 
11 f 0-20 -+ 0-04 
12 Noon — 0.01 — 0-04 
1 PM. —- 0-15 — 0-1] 
2 — 0-18 — 0-17 
3 — 0-16 — 0-ld 
4 — 0-16 — 0-10 
A — 0-21 — 0-06 
4 — 0-29 — 0-08 
i — 0-32 — 0-12 
N — 0-34 — 0-17 
9 — 0-84 — 0-2) 
10 — 0-35 — 0-20 
ie — 0-30 — 0-19 


Analogous tu the variations of the declination in India, the curves show two 


maxima, one in the morning and one in the afternoon, but the maximum in the 


morning is by far the greater one. 
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Also the difference between maximum and minimum is considerably smaller than 
might be expected for these latitudes, unless, perhaps, we take into consideration the 


great absolute height of Leh. 
2. HorizonraL Intensrry. 


The variations of the horizontal intensity were determined by observing the 
changes in the deflection. The deflecting apparatus used was that of Hermann, the 
magnet suspended being H 21, the magnet deflecting, L 1. 

The scale was an arbitrary one, and could be read off in tenths of a minute. In- 
creasing numbers show a decrease of deflection and an increase of horizontal intensity. 

The value of 1 minute of deflection, reduced to absolute values in English units, 
gave for magnet Z1, at the distance employed, 1 unit of the scale (or /\, of a minute 
in deflection) = 0°00170 English units. 

The two following tables contain the detail of the regular daily observations. 

Some isolated observations (10 days) were, besides, made in July and in September 
(before and after our journey to Turkistin) in order to fix the time and value of 
the morning minimum, which was found to take place between 4° and 5" a.m, and 


to amount (with different signs) to about '/, of the rise between 6'% and 9'/. 
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1856, 
August. 














MAGNETIC OBSERVATIONS. 


DAILY OBSERVATIONS OF THE HORIZONTAL INTENSITY AT LEH. 


Expressed in scale values. Increasing numbers show an increase of the Intensity. 


A. August, 1856. 














Noon. 
12h 





P.M. 




















DIURNAL OSCILLATIONS. OF HORIZONTAL INTENSITY: < 
¥ . ee 
in English Units. 





* : . 
, ‘ LEH AND BOMBAY COMPARED 
“ . 1856, August and September. 
Messrs. de Schlagintweils! India and High Asia < To face p 443. Vol. I, Plate 3. 









































































Leipzig: F.A. Brockhaus. Engraved by L Kraata, Berlin 
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B. September, 1856. 














= 
1856, AM. AM. Noon. P.M. P.M. P.M. P.M. P.M. 
September] 6h = 7h gh 10h yh yh 2h gh ah gh gh 7h gh 
1 313 314 | 318 318 323 321 | 
2 333 | 320 320 | 320 314 310 i 
3 304 301 300 | 300 299 296 | 
4 316 316 315 | 316 315 317 
5 325 320 315: 315 316 316 . | 
6 318 320 316 | 314 314 312 312 
7 | 392 32 320 | 316 318 j 317 310 
8 310 310 310 312 310 | 312 313 
31] 312 311 313 315 i 313 313 
10 313 314 310 308 310 310 312 | 
1 310 311 312 308 310 310 | 312 
12 311 306 306 308 «=. |_—«310 310 312 























The daily variations of the horizontal intensity, expressed in parts of the English 


unit, are given in the following tables, where, for Leh, the maximum and minimum 
being introduced, the hours of no observation were deduced by graphic interpolation. 


We add the corresponding values at Bombay’ for comparison. 


1 Bombay Observatory, vol. 1856, p. 24. 
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| Len. Bomsay. 
Naso Secs : : 
1836. August September 1836. August September 
1 to 31. 1 to 12. ; 1 to 31. 1 to 30. 
Midnight | -- 0-0022 | —0.- — 0-0039 | — 0-005 
laa. | —0-0032 | -- 0-0020 1A.M. ., — 0.0040 | — 0.0039 
2 ,, | —0-0042 | — 0.0025 2 . | —0-0034 | —o0.0033 . 
3 —0-0049 | — 0-0032 3 Fe — 0-0032 | —0-.0029 
toy — 0-0054 | — 0-0031 + 5 —- 0-0038 . me 0-0022 
Oe 159 — 00-0055 | — 0-0029 5 <3 —- 0.0032 | — 0.0023 
6 —-0-0053 | — 0-0027 6 — 0-0032 | — 0-0026 
Te ay — 0-0046 | — 0-0022 7 — 00-0029 | — 0-0034 
B43 — 0-0037 | — 0-0017 8 ‘“ -- 0-0011 | -- 0-0001 
9 «s, — 00-0022 | — 0-0009 9 e -+ 0-0049 | -- 0-0051 
10, —0-0007 | — 0-0003 10 i -|- 0-0082 | -}- 0-0089 
“VW 4 }.0-0011 | + 0-0004 ll + -- 0-0099 | -++- 0-0106 
! Noon -|- 0-0020 | 4-0-0004 Noon +-0-0099 | + 0-0102 
| lpm } -|- 0-0020 | -- 0-0009 lem... -+ 0-0090 | -!-0-0079 
2 4 | --0-0031 | +-0-0019 2 . | -+0-0068 | +. 0-0059 
3, | 40-0032 | - 0-0010 3 |- 0.0039 | -- 0-0026 
4, | + 0-0046 | + 0-0009 4 -- 0-0012 | -- 0-0005 
5 on {- 0-0064 | -J- 0.0019 dD —-0-0016 | — 0-0016 
Oy |. 0-0067 | 4-0-0028 6 — 0-0027 | — 0-0030 
ty |- 0-0065 | -+- 0.0039 7 — 09-0044 | — 0-005] 
j B >a }-0-0045 | -- 0-0034 8 — 0.0045 | — 0-0054 
| § |- 0-0022 | -|- 00025 )) 4 —0-0049 | —- 0-0052 
10, {-0-0006 | +. 0-0013 10 sy foe 0-0052 | —0-0048 
iL, | —0-0011 |) - 0-0012 ie » | -—0-0041 | — 0-0034 
The values of the preceding table are represented in curves, plate 3. 


Both the 


series at Leh show a great uniformity in their general character, September being 


here, as in reference to the declination, the month of the smaller variation. 


The hours of the maxima and minima are nearly 6 hours later than in Bombay, 


but notwithstanding this difference in time, the form of the curve, even including the 


uscillations preceding the maximum, remains very nearly the same. 
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No. 79. PApum, in TsAnsKar. 


Latitude North. Longitude East Green. Height. 
33° 28’ 0” 76° 54’ 15” 11,590 feet. 


On rocks much decomposed. See p. 241. 


Observer: Adolphe. 


DECLINATION. 


1856, June 25, 10" 15™ a.m. local time. Collimator 2; Theodolite 3, ‘Troughton; Chron. 1. 


° ‘ 
Magnetic meridian 2... 0... ee ee 30 51-0 
True meridian (see p. 241) 2... 0. ee ee 27 10-2 
Declination Bast .... 3 40-8 


Dre. 
1856, June 25, 75 0" a.m. local time. 


ip needle: No. 3. Temp.: 9°-6 ©, 49°-3 Fahr. 


End A. 
° a 
Face to instrument 46 27-3 oF 
. Mez = 46 27-45 
lace reversed ... 46 27-6 ae = 
End B. 


7 
1 


° ‘ 
lace to instrument 45 26-3 M Betics 
an B = ‘ 
Face reversed ... 45 16-5 ean ape 
Mean of the dip = ote = 45 54-43 


Dip corrected for error of needle... . 45 51-97 


No. 81. SAsser Pass, 1n Nupra. 


Latitude North. Longitude East Green. Height. 
35° 6’ 0” 77° 27' 35" 17,753 feet. 


On the névé of the glacier, near the top of the pass. The legs of the stands 


rested on broad stones, to prevent them from sinking into the ice. See p, 243. 


Observers: Hermann and Robert. 
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DECLINATION. 


1856, August 2, 24 30" p.m. local time. Theodolite 2, Jones, and its magnetic needle; ! Chron. 3. 


° i 
Magnetic meridian... 0. ee 278 18-4 
True meridian (see p. 245). 0... ee ee es 274 46-5_ 
Declination East... . 3 31-9 
Dr. 


1856, August 2, 5 30" p.m. local time. 


Dip needle: No.2. Temp.: 5°-2 C., 41°-4 Fahr. 


End A. 
° ‘ 
¥ to instr 13-5 Of 
Face to instrument 48 ian pes ae dalek 
Face reversed ... 48 13-0 
End B. 


° - 
Face to instrument 48 10-0 
ace to instrumen Mean B = 48 21-4 





Face reversed ... 48 32-8 = 
Mean of the dip = otf = 48 17-33 
Dip corrected for error of needle .... 48 17-68 


No. 82. KAnem, in tHe Trsetan Disrnict oF Dras. 


Latitude North. Longitude Kast Green. Height. 
34° 30’ 0” 76° 4’ 2" 8,845 feet. 


On an alluvial terrace on the left bank of the Kartse river. See p. 245. 


Observer: Robert. 


DECLINATION. 


1856, October 10, 10° 15” a.m. local time. Collimator 1; Theodolite 1, Jones; Chron. 4. 


Magnetic meridian 2.2... ee eee 213 25-1 
True meridian (see p. 245) 222 ee ee 210 15-0 
Declination Fast... . 3 10-1 


' Compare p. 74. 
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INTENSITY. 
1. Horizontau Inrensiry. 
A. Vibration. 
1856, October 10, 1" 25™ p.m. local time. 
13-9 C, 57-0 Fabr. 


13-8 C., 56-8 Fahr. 
13-8 C,, 56-8 Fahr. 


( D1. 
Magnet vibrated ¢ £1 with large ring. Temp. 
L1 with small ring. 


Chron. 5, Grant, gaining 12°-5. 


Without {| With With 


Without | With With 
ring. large ring.jsmall ring. 


ring. large ring./small ring. 


No. of vibrations .... 600 | 140 200 Time of 1 vibration . . 38-010 [8*-114 | 5*-849 
Garne beginning. . 178 | 152-5 | 265-5 q = 9-00020/0 00020; 0.00020 
ending ... 110 | 128-5 | 155 vy. = 0-00017/0-00017; 0.00017 
Torsion (90°) ...... 0’ 0’ 0! Time of 1 vibrat. corr. 38-021 |8*.143 | 5*-869 
log K, = 0-+43603 (large ring) log K = 0-43821 
log K, = 0-43970 (small ring) log mX = 0-47235 


B. Deflection. 
1856, October 9, 4" 0" p.m. local time. 


Magnets: Deflecting L1, deflected H21. 


° ° 

13-5 C., 56-3 Fahr. 
Jeflecti ar: 13. i s: 1 foot, 1-3 foot. Temp. : 
Deflection bar: H3. Distances: 1 foo 3 foo emp. 19-1 C., 53-8 Fab. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
Ug = 7° 24 42" | 3° 21’ 19” Temp. of magnet 12-9 C. 11-8 ©. 
wp = 0-00017 0-00017 53-9 Fahr. 53-2 Wahr. 
q = 0-00020 0.00020 


log x =: 880354 


m == 0-4345 X = Horizontal Intensity = 6-830 
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2. Dre. 


1856, October 10, 12" 45™ p.m. local time. 
Dip needle: No.2. Temp.: 15°-2 C., 59°-4 Fahy. 





Ind A. 
i 7 9-1 Be it 
Bare to instrument 4 Mean « = 47 31-25 
Face reversed ... 47 53-4 ' 
End B. - 
Face to instrument 48 23-8 ene = 45 99.35 
Face reversed ... 48 20-9 
Mean of the dip = = te = 47 56-80 
Dip corrected for error of needle... . 47 57-15 
3. Verrican INTENSITY ............. 7-574 
4. Toran Intensity ............... 10-197 


No. 83. Dras, i THE Trsetan Disraicr or Dras. 


Latitude North. Longitude East Green. Height. 
34° 28’ 0” 75° 43’ 5” 9,951 feet. 


Near the fort, on the alluvial plain. See p. 245. 


Observer: Robert. 


INTENSITY. 
1. Hortzonrau Intensity. 
A. Vibration. : 
1856, October 12, 3" 50™ p.m. local time. 
Magnet vibrated: Z1. Temp.: 12°-0 C., 53°-6 Fahr. 


Chron. 5, Grant, gaining 12°-5. 


No. of vibrations... ....... 600 P Time of 1 vibration ....... 2°-994 

Sat iate beginning nt wed si q = 0-00020 
ending ......... 73-5 : vy. = 0-00017 

Torsion (90°) 2... ..2020, J‘ 1 Time of 1 vibration corr. ... . 3%-004 


log K = 0.4382} log mX = 0-47702 
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B. Deflection. 


1556, October 13, 7"0™ a.m. local time. 
Magnets: Deflecting L1, deflected H21. 


° Qo 
Deflection bar: H3. 4-1, 39-4 Faber. 


2-2 C., 36-0 Fahr. 


Distances: 1 foot, 1-3 foot. Temp. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 
Uy <= 7° 15! 7" 


3° 17! 45” Temp. of magnet. 4:06." 2-0 C. 
0.00017 0-00017 


= 
il 


39-2 Fahr.| 35-6 Fahr. 


q = 0-00020 0.00020 


log = 8-79656 


> 


m = 0-4333 X = Horizontal Intensity = 6-922 


2. Dre. 


1856, October 13, 9° 0™ a.nr. local time. 


Dip needle: No.2. Temp.: 9°-6 C.. 49°-3 ahr. 


End A. 
° ’ 
Trace to instrument 46 54-7 Sonat 
Mean a = 46 52-4 
Face reversed ... 46 50-1 
End B. 
° ‘ 
Face to instrument 46 48-7 Mean p = 46 49-8 
Face reversed ... 46 50:9 
Mean of the dip = ste = 46 51.10 
Dip corrected for error of needle... . 46 51-45 
3. VerticAL INTENSITY ............. 7-386 
4. Toran Intensity ..............-. 10-122 
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GROUP XI. 
BALTI AND HASORA. 


Chorkénda.—Tso Ka. — Skardo. — Tashing. 


No. 85. Cnorkénpa Gracin, aBovE A Donapénye, mn Bdwrt. 


Latitude North. Longitude Kast Green. Height. 
35° 33’ 20” 75° 56’ 0” 13,790 feet. 


On a slope of detritus, on the left side of the glacier, close to the ice. See p. 248. 
. Observer: Adolphe. 


DECLINATION. 
1856, July 24, 4" 40™ p.m. local time. Collimator 1; Theodolite 3, Troughton. Pocket-watch by Dent 
° ‘ 
Magnetic meridian .. 2... 0.200020... 0-000000.4 286 13-2 
True meridian (see p. 249) 2... 0. ee ee ee 283 19-8 
Declination East. ... 2 53-4- 
Dre. 


1856, July 26, 10" 30" a.m. local time. 
Dip needle: No.4. Temp.: 7°-6 C., 45°-7 Fahy. 


End A. 
°o é 
Face to instrument 48 51-3 o 8 
Mean a = 48 42-65 
ace reversed ... 48% 34-0 . 
End B. 


° i 
Face to instrument 48 40-5 


. . Me = 48 45-60 
Face reversed ... 48 50-7 an p i J 


Mean of the dip = a ei 48 44-13 


Dip corrected for error of needle... . 48 43-25 
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No. 87. A Tso Ka, in BAurt. 


Latitude North. Longitude East Green. Height. 
35° 58' 0” 76° 3’ 0” 15,724 feet. 


Observer: Adolphe. (See p. 251.) 


Dr. 
1856, August 21, 4" 0™ p.a1. local time. 
Dip needle: No. 3. Temp.: 6°-2 C. 43°-2 Fahr. 
End A. 


° é 
Face to instrument 50 6-5 
es : Mean a = 50 0-25 


Face reversed ... 49 54-0 
End B. 
° i 
Face to instrument 49 0-5 M 8 ree 
lean a ' 
Face reversed ... 48 24-5 e 


Mean of the dip = ae = 49 21-38 


Dip corrected for error of needle... . 49 18-92 


No. 91. Sk{rpo, in Bdurt. 


Latitude North. Longitude East Green. Height. 
35° 20' 12” 75° 44' 40” 7,250 feet. 


On detritus, on the left bank of the Indus. See p. 256. 
Observer: Adolphe. 


DECLINATION. 
1856, September 2, 8" 15" a.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 
° ‘ 
Magnetic meridian «1... De es 300 28.2 
True meridian (see p. 257) 6 2 eee 296 23-1 
Declination East... . 4 5-1 
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INTENSITY. 
Horizonrat Inrensrry. 
A. Vibration. 
1856, September 3, 114 10™ p.m. local time. 
Magnet vibrated: B7. Temp.: 25°-6 C., 78°-0 Fahr. 
Chron. A, losing 2°-5. 


1. 


No. of vibrations ....... 750 Time of 1 vibration . . 38-355 
: beginning ..... 260 q = 0-00021 
Semiare 3 
ending....... 38 p. = 0-00017 
Torsion (90°) ......... 4’ Time of 1 vibration corr. . . 3°-366 


log K = 0-26891 log mX = 0-20891 


B. Deflettion. 
1856, September 2, 55 30™ p.m. local time. 
Magnets: Deflecting B7, deflected B 2. 


° ° 
24-3 C., 75-7 Fahy. 


Deflection bar: 4. Distances: 1 foot, 1-3 foot. Temp. 03.7 C., 74-7 Fahr. 
1 foot. 1-3 foot. 1 foot. 1-3 foot. 
No = 3° 27° 14" | 1° 34/55” || Temp. of magnet .. 24-00. | 23-4 C. 
pw = 0-00017 0-00017 75-2 Vahr.| 74-1 Fahy. 
q = 0-00021 0-00021 
log Xx = 8-48536 
m = 00-2224 X = Horizontal Intensity == 7.274 


2. Dr. 
1856, September 2, 10 45™ a.m. local time. 


Dip needle: No. 4. 


Trace to instrument 
Face reversed 


Face to instrument 
Face reversed 


Mean 


Dip corrected for error of needle... 


Temp.: 16°-6 C., 61°-9 Fahr. 





End A. 
° i 
47 51-1 o 4 
Mean a = 48 3-55 
48 16-0 
End B. 
° i 
48 44-6 : 
Mean B == 48 39-25 
48 33-9 elas 
of the dip = agi =: 48 21-40 
. 48 20-52 


GRoup xi. BALTI AND HASORA. 453 


3. Verticay INTENSITY .... . Ot coe Bak 8-174 


4. Toran INTENSITY ............... 10-943 


No. 92. TAsnine, In Hasdra. 


Latitude North. Longitude East Green. Height. 
35° 15’ 40” 74° 40’ 40” 9,691 feet. 


On metamophic rocks. See p. 258. 
Observer: Adolphe. 


DECLINATION. 
1856, September 20, 5¢ 20 p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 
° ‘ 
Magnetic meridian... 6-0. ee ee 62 53-7 
True meridian (see p. 258) 2... . ee ee 58 36-0 
Declination East... . 417-7 
INTENSITY. 
1. Honrizontat Invensiry. 
A. Vibration. 
1856, September 21, 2" 40™ p.m. local time. 
Magnet vibrated: B7.  Temp.: 17°-0 C., 62°-6 Kahr. 
Chron. A, losing 2°-5. 
No. of vibrations .. 2... 200 Time of 1 vibration... .. 39-328 
eaten Peginning ee. 256-5 q = 9-00021 
_ (ending. .... 36 p = 0-00017 
Torsion (90°) 2.0.0.2... 6’ Time of 1 vibration corr... 3°-346 
log K = 0-26891 log a» X = 0-21427 
B. Deflection. 
1856, September 21, 45 45" p.m. local time. 
Magnets: Detlecting B7, deflected B2. 
° oO 
. . 15-3 ., 60-4 Fabr. 
Deflection bar: A. Distances: 1 foot, 1-3 foot. ‘Temp. . deci 


14.9 C., 58-8 Fahr. 
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1 foot. 1-3 foot. 1 foot. 1-3 foot. 
° °o 

Ug = 3° 28! 57" | 1° 37/21” Temp. of magnet. . 15-5 C. 14-6 C. 
uw = 0-00017 0-00017 59-9 Fahr. | 58-3 Fahr. 

q = 0-00021 0-00021 

log % = 8-50706 
m = 0-2294 X = Horizontal Intensity 7-138 
2. Dre. 


1856, September 23, 9" 0™ a:m. local time. 
Dip needle: No.4. Temp.: 16°-5 C., 61°-7 Fahr. 


End A. 
°o é 
Face to instrument 48 20-7 Made ig aaa 
Face reversed ... 48 20-1 
End B. 


°o ‘ 
Face to instrument 48 28-9 
Face reversed ... 48 29-1 
Mean of the dip = otf = 48 24-70 


Mean B = 48 29-0 


Dip corrected for error of needle... . 48 23-82 
3. VerticaL INTENSITY .............. 8-039 
4. Tora, INTENSITY................. 10-751 


c. KARAKORUM AND KUENLUEN. 


GROUP XII. 
TURKISTAN. 


Karakorim pass.—Siget—Suimgal. 


No. 93. Karakorum Pass, BErweEEN LapdKx anp TurkistAn. 


Latitude North. Longitude East Green. Height. 
35° 46’ 55” 77° 30' 21” 18,341 feet. 


Crystalline rocks. See p. 260. 


Observers: Hermann and Robert. 


GROUP XII. TURKISTAN, 455 


DECLINATION. 
1856, August 9, 2" 50™ p.m. local time. Theodolite 2, Jones, and its needle; Chron. 3. 
Magnetic meridian . 2... 2... eee ee es 289 27-1 
True meridian (see p. 260)... 0.22 ee ee ee eee 285 53-5 
Declination East... . 3 33-6 
INTENSITY. 


1. Horizontat Intensity. 
A. Vibration. 
1856, August 9, 3" 55™ p.at. local time. 
Magnet: vibrated: B5, reduced to L1.!  Temp.: 14°-2 C., 57°-5 Fahr. 


Chron. H, losing 0°-5. 


No. 6f vibrations .... 2.6.2... 150 Time of 1 vibration ........ 28.934 
oe ke D5 ee 

ee beginning  steida ae aes, 250 q = 0-00020 

ending. ..........., 210 w = 0-00017 
Torsion (90°)... 0... ee eee 0! Time of 1 vibration corr... . . 2°. 944 

log mX = 0-49452 
m = 04374 X = Horizontal Intensity = 7-140 
2. Dir. 


1856, August 9, 3°55" p.m. local time. 
Dip needle: No.2. Temp.: 14°-2 C., 57°-5 Fahr. 


End A. 


t 


°o 
Face to instrument 49 6-3 
Face reversed ... 49 12-0 
Kind B. : 
I ° ‘ 
‘ace to instrument 49 24-4 
Mean § = 49 17-4 
Face reversed ... 49 10-4 . 
Mean of the dip = ate = 49 13-40 
Dip corrected for error of needle... . 49 13-75 


° ‘ 
Meana = 49 9-4 


! During our absence from Leh, Z1 being used as deflector fur observing the daily variutions, we vibrated 
B5, reducing by direct comparisons, several times repeated, the time of its vibration to the time of Di, The m 


corresponding to Z.1 had been determined, and was found very well to agree, in July and in September, at Leh, 
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8. Vertican INTENSITY .........-.--- 8-280 


4. Torau INTENSITY.........-0000005 10-933 


No. 95. A Sdterr, ov Turxistdn. 


Latitude North. Longitude East Green. Height. 
36° 10’ 25” 77° 55! 5” 12,960 feet. 


On the left side of the Karakdsh river. See p. 264. 


Observers: Hermann and Robert. 


Ss DECLINATION. 


1856, September 1, 4" 15" p.m. local time. Theodolite 2, Jones, and its needle; Chron. 3. 


°o f 
Magnetic meridian ©... 1... ee ee ee ee ee 335 17-3 
True meridian (see p. 266) ......-.-..---2-0004. ' 330 55-8 
Declination East... . 4 21-5 
Dr. 


1856, September 1, 12 Noon local time. 
Dip needle: No.2. Temp.: 11°-4 C., 52°-5 Fahr. 


End A. 
° t 
Face to inst 7-0 a 
ce instrument 50 Mean a = 50 7-5 
Face reversed ... 50 8-0 
End B. 


ms ° ‘ 
Face to instrument 50 13-5 


Mea = 50 16-5 
Trace reversed ... 50 19-5 ae toes 


Mean of the dip = ate = 50 12-0 


Dip corrected for error of needle... . 50 12-35 
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No. 106. A Sdémear, mw Tonkistdy. 


Latitude North. Longitude East Green. Height. 
36° 8’ 0” 78° 5' 0” 13,212 feet. 


Observers: Hermann and Robert. (See p. 268.) 


INTENSITY. 
1. Honrizontat Invensiry. 
A. Vibration. 
1856, August 29, 44 50™ p.m. local time. 


Magnet vibrated: B5, reduced to 21.  Temp.: 12°-1 C., 53°-9 Fahr. 
Chron. H, losing 0°-5. 


No. of vibrations ...... 150 Time of 1 vibration... . . 2°-967 
Semiare beginning .... 250 q = 0-00020 
‘tending. ..... 210 pw = 0-00017 
Torsion (90°) ........ 0’ Time of 1 vibration corr. . . 2°-978 
log K = 0-43821 log mX = 0-48473 
log m = 0.4374 log X = Horizontal Intensity = 6-980. 
2. Dr. 


1856, August 29, 8° 50™ a.m. local time. 
Dip needle: No.2. Temp.: 0°-0 C. 32°-1 Fahr. 


End A. 
° t 
Face to instrument 50 0-0 - - ; S 
Face reversed ... 50 5-5 ean : 
End B. 


oO ‘ 
Face to instrument 50 20-3 


Face reversed ... 49 54-3 Mean, Hos: 07780 





Mean of the dip = ate = 50 5-03 

Dip corrected for error of needle... . 50 5-38 
3. Verticat Inrensiry........... 8-343 
4. Toray Inrensity............. 10-879 


! See Note under Karakorum, p. 455. 
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SECTION VI. 


GENERAL CONSIDERATIONS ON THE TERRESTRIAL MAGNETISM OF 
INDIA AND THE SURROUNDING COUNTRIES. 


A, MATERIALS OF OBSERVATIONS. 

I. Stations of our magnetic survey, from 1854-7, LU. Survey of the Indian Archipelago, from 1845-9, by Captain 
C. M. Elliot. II. Determinations of the 6 -clination, from 1835-49, by the Indian Navy. IV. Observations in 1833 
along the eastern coasts of India, by de Blosseville. V. Declination in Central India and Hindostan, from 1813-28, 
by Major J. A. Hodgson. VI. Average declinalion in Rajvara, 1835, by Lieutenant A. H. I. Boileau. VII. Dip 
and relative horizontal intensity from 1837-9, by I’. G. Taylor and J. Caldecott. VIII. Declination and dip in 
Kashmir and Ladak, by Major A. Cunningham. IX. Historical data for secular change. a. Declination, b. Dip. 


B. CONSTRUCTION AND EXPLANATION OF THE MAGNETIC MAPS. : 


The systems of: 1. the isogonic lines; 2. the isoclinal lines; 3. the isodynamic lines. 


C. RESULTS DEDUCED FROM THE ABSOLUTE DETERMINATION OF THE MAGNETIC ELEMENTS. 
I. Declination: 1. Line of no declination; 2. Local disturbances; 3. Zones of greater deviations in Assam, in the 
Bhutan Himalaya, in Berma, and in the Nilgiris; 4. Zone of most rapid change; 5. Karakérum and Kuenluen. 

ll. Dip: 1. Tropical zone of rapid increase; 2. Regularity of isoclinal lines in general; 3. Zones of increase and 
decrease; 4. Influence of height; 5. Local deviations. 

1. Total Intensity. «. Modifications of the isodynamic lines in India: 1. Region of great increase in Central 
Indian; 2, Depression along the foot of the Himalaya; 3. Physical condition of the surface of the soil, produced 
by insolation and humidity; 4. Absolute minimum total intensity; 5. Average rate of increase with latitude. 
B. Horizontal Intensity. y. Influence of height. 


A. MATERTALS OF OBSERVATIONS. 
For facilitating the general considerations on the magnetic conditions of India 
and the surrounding countries, we present a tabular abstract of our magnetic and 


gecgraphical stations,' together with a compendious enumeration of the materials 


' Qn the overland route we determined the following declination and dip, the results of which we add for the 
completion of the series of our observations: 


Declination. Dip. 
1857, May 13, Aden, Latitude North 12 46 Longitude East Green. 45 10 4 15 West 5 38-5 North 
20 Suez, i 29 59 m a 32 36 523 y 41 10°35, 
25 Cairo | 3 30°93 7 8 41 24°39 


” 


(In 1836, Captain Haines found at Aden: Declination West. 5° 2/.) 


” 
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known to us up to this time, of which, however, by far the greatest part will be 
found limited to the “coasts only. The works from which we have collected them 


are mentioned in connection with each respective table. 


I. Srazions or our Maeneric Survey, rrom 1854 To 1857, REFERABLE TO THE MEAN 
DATE oF JANUARY 1, 1856. 


“All observations were made either in a tent, constructed for the purpose, or in 


the open air. 






























































Geographical Co-ordinates. Magnetic Elements, 
No. Station. 
curr. Latitude N. Longitude Horizon. Vertical 
East Green. Intensity. Invensity. |Intensity. 
A. INDIA. 
Group 1. Assdm anp KGasssta Hibbs. 
oj onru o + a} Engl. Feet. | o 4 |Bogl.Unils| oo Engl. Units.|Eng). Unite. 
1] Dibrugirh ...... 27 32 O| 94 57 35 395 0 46-4! 7-733 | 38 30-35] 6-150 | 9-882 
2) Tézpur........ “26 34 35 | 92 46 45 239 0 22-5] 7-758 | 37 14-93] 5.898 | 9-746 
3 Udelgari oid eee ats 26 45 40) 91 56 30 352 2 36-3 | 7-740 | 36 27-65] 5-719 | 9-624 
4| Gohatti.. 2.2.0, 26 5 50| 91 43 45 134 2 O-1] 7-784 | 35 19-15] 5-513 | 9-541 
. 45 Chérra, Punji .... [25 14 15] 91 40 30] 4,164 2 20-4] 7-869 | 33 37-27] 5-231 | 9-449 
Group u. DerLTa oF THE GANGES AND BrauMaPuTRaA. 
G6| Surajginj .. 1... 24 22 50] 89 43 20| L.a.L.S.? 32 3-50 
7) Dhaka... 2.0... 23 42 44] 90 20 15|/L.aL.S. | 2 21-2 31 1-23 
8] Kalnma ........ 22 45 55) 89 36 55/L.a.L.S. | 2 30-4 29 19-85 
9| Calcutta... 1... 22 33 1] 88 20 34!1L.a.L.S. | 2 25-1] 8-028 | 28 14-84] 4-315 | 9-113 
Grovr m1. Vaney or THE GANGES AND ITs TRrpUTARIES. 
10] Rampur Bolen .. .| 24 21 46] 88 34 20 6-703 | 32 0-77] 4-190 | 7-904 
11] Kissenganj...... 26 6 O| 87 56 8 6-690 | 35 11-95) 4-719 | 8-187 
12} Patna... . 2.2... 25 37 12) 85 7 32 7-678 | 33 32-96] 5-094 | 9.215 
13| Sigtulh ........, 26 46 41] 84 44 26 35 40-10 
14 Benares........ 25 18 26] 82 59 47 7-822 | 32 41-25] 5-020 | 9.294 
15} Lakhnau....... 26 51 10] 80 55 32 8-176 18- 
16] Aligfvh. .....:.| 27 53 50] 78 3 55 
17| Agra... ee 27:10 26| 78 1 39 
18| Mirath 2.2.00. 29 0 41| 77 41 48 | 
Halen — ail UES al 

















1L.a.L. 8. Little above the level of the sen. 
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Geographical Co-ordinates. Magnetic Elements. 
Bien: ‘ Longitude . Declin. | Horizon. Dip. Vertical | Total 
panne Ns Teint Green: Helge Enst. |Intensity.| North. |Intensity. |Intensity. 
Grovr rv. Pinsds, Sunpu, and Kicg. 
oor o + «| Engl. Feet. [ 9  , |Engl.Units| o 4 Engl. Units.|Engl. Unite. 
19} Ambala. ....... 30 21 25] 76 48 49 1,026 2 26-2 40 48-40 
20| Lahér... 1.2... 31 34 5{ 74 14 37 790 2 2-3) 7-175 | 43 17-44 | 6-758 | 9.856 
21) Raulpindi ...... 33 36 30; 72 59 49 1,674 3 5-5] 6-889 | 45 55-71] 7-115 | 9-904 
22) Peshdur ....... 34 3 10) 71 33 19 1,250 2 27-9] 7-505 | 46 25-75 | 7-889 | 10-889 
23! Shdhbpur ....... 32 14 0} 72 32 30 680 119-7 
24] Déra Ismdel Khan .| 31 39 35] 70 56 30 478 0 58-2} 7-648 | 44 23-47 | 7-489 | 10-703 
25] Multén........ 30 10 10] 71 34 34 480 0 54-2 
26) Shikarpur .. 2... 27 55 10} 68 51 50 60 8-000 |.36 2-0 | 5-820 | 9-893 
27] Sévan. 2... ee 26 25 O| 67 56 40]. 140 0 35-0 
| 28] Karrachi....... 24 45 30] 67 0 51|/L.aL.8.]0 6-0 
29) Bhy . 2.2... 00. 23 17 O0| 69 40 0 283 0 12-0] 8-012 | 28 25-0 | 4-335 | 9-109 
| 30] Rajkot ......~.. 2213 0|]71 7 O 325 0 13-3 





Group v. CENTRAL aND SoUTHERN INDIA. 




































| 31] Sager... , 43 1,880 29 58-84 
32| Ja Pens he ara 2 1,480 110-5 | 8-666 /28 31-14 9-863 
33 Meri... 850 8-633 |22 49-99 9-367 
34| Rajamdndri ..... La L.S.]1 8 | 8-817 |16 23-53 9-197 
35] Madras........ L. a. L.5.]0 59-3 | 8-023 | 7 52-34 8-100 
36| Bombay ....... L. a. L. $.]0 19-1 | 8-008 }19 6-6 8-475 
37) Puna ......... 30 2: 2 8 1,819 19 2-25 
38] Mahabaléshvar 4,396 16 25-50 
39| Kaladghi....... 1,720 0 30-0 14 27-25 
40| Bellfri ... 2.0... f i 1,580 |021-0 | 8-641 {11 59-68 8-834 
41) Utakamdnd...... i 7,278 0 57-0 | 8-835 | 4 27-32 8-862 
42] Utatur ......., E 280 2 50-08 








Siva dwe. oe’ ahs : 5)L.a L.8.40 41- 
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Geographical Co-ordinates, Magnetic Elements. 
No. 3 fe ee ay 
en Longitud Declin. | Iori Di Vertical | Total 
curr. : ongl ude : eclin. orizon. Ip. ertica ota 
Latitude N. East Green. Height. East. | Intensity. North. Intensity. |Intensity. |! 
B. HIGH ASIA. 
a. Himalaya. 
Grour vi. Buutdn ro NEPAL. 
. o 8 ” of a| Engl. Feet. ° 1 Engl. Unite. ° ’ Engl. Units.| Engl, Units. 
44) Narigin ....... 26 53 50/ 92 G6 O 3,615 4 43-0 7 266., 37 8-11 | 5-502 9-114 
45] Dayjiling. 0... 27 3 0/8815 15] 7,168 | 2 48-0] 6-548 | 36 32-97 | 4-854 | 8-152 
46] Rangit Bridge... .| 27 4 50] 88 1015] 3,130 6-632 
47| Ténglo........ 27 1 50] 88 3 55] 10,080 2 30-5 | 6-872 | 36 25-04] 5-068 8-539 
48] FAaltt... 2.0.0... 27 G6 20] 87 59 O| 12,042 2 24-8) 6-648 | 36 54-96 | 4-995 8-316 
49) Kathmandu ..... 27 42 5)] 8512 9 4,350 2 35-8] 6-922 | 37 34-24] 5-326 8-734 
Group vu. Kimson anv GARHVAL. 
50| Nainital ... 2... 29 23 34} 79 30 55] 6,409 2 28-2; 7-707 | 38 33-71 | 6-144 , 9-856 
51] Mflum ........ 30 34 35| 79 54 49] 11,640 2 40-3] 7-972 | 40 31-91] 6-815 | 10-489 
52} Mana........., 30 47 Of} 79 20 50} 10,670 244-9} 7-894 | 41 25-24] 6-965 | 10-528 
53| Mana Pass. ..... 31 5 Of 79 15 20] 18,852 i 
54! Ussilla .... 2... 31 7 40] 78 18 10 8,940 8-116 | 42 13-24) 7-366 | 10-960 
55| Massiri........ 30 28 301 77 59 58 7,549 8-125 | 41 15-12! 7-127 | 10-807 
Grovur vir. Simia to Hazara. 
56 Vangtu Bridge ...] 31 37 0] 77 54 0 4,210 43 22-80 
57| Rampur ....... 31 31 O| 77 37 O 3,215 42 46-43 
58| Simla... 2... 0. 31 6 G| 77 7 36 7,091 2 55-5] 7-158 | 42 30-0 6-559 9-709 
59| Sultanpur ...... 31 57 50| 77 5 50] 3,830 3 2-6 43 52-19 
60 Kardong we ae Lah Sas ae at 32 33 50] 77 O 35] 10,233 3 23-3] 7-821 | 44 28-44 |] 7-679 | 10-960 
61] Srindgger.... 2... 34 4 36] 74 48 30 5,144 2 59-9] 6-814 | 46 58-20] 7-300 | 9.986 
62} Daver.. 2.0.0.2. 34 34 5] 74 46 0 7,718 47 41-65 
63] Moziferabad.... . 34 22 25] 73 31 10 2,220 3 23-9] 6-660 | 47 20-00] 7-226 9-827 
G4) Marri... 2.000. 33 51 O| 73 22 40 7,260 3 21-1] 6-G86 | 46 2-84 | 6-935 9.633 
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9,691 10-751 





Geographical Co-ordinates. Magnetic Elements. 
Station. : 
curr. Latitude N. Longitude Height. Declin. Horizon. Dip. tos 
East Green. East. |Intensity.| North. Intensity.| Intensity. 
se b. Tibet. 
- Group rx. Gnirt Kudrsum. 
° i “ ° 1 " Engl. Foct. \ 
65| A Laptél ......{ 30 46 20| 79 52 0| 14,304 
66] A Gitngul...... 31 14 O| 79 44 40 13,420 
67] Gunshankdr..... 31 23 30] 80 18 0 19,980 
68 | Chako La Pass. ..] 31 23 55] 80 11 O 17,730 
69 | Gartok. 2.2... 31 40 0} 8018 25! 15,090 See p. 429. 
70] A Dira........ 31 18 55] 79 32 40 13,800 
71} A fbi Gamin . .. .] 30 56 10} 79 19 30] 16,910 ‘ 
72) Paling... 2... 31 15 30| 79 15 40] 14,207 
73 | Nélong Pass... .. 31 730179 0401 18475 |} 
Group x. Lapkx. 
74| Mad... . 2.0... 31 55 35] 78 +1 20| 12,421 | 3 43-5 44 17-83 
75 | Tsomoriri. ...... 32 45 25) 78 16 36} 15,130 |3 9-9 45 20-30 
76) Tsomognalari ....] 33 39 50) 78 38 30] 14,010 | 3 21-8] 6-856 | 46 34-05 | 7-242 | 9.972 
77| Lacha Lung Pass ..| 33 3.50] 77 35 35] 16,750 
78| Leh.......... 34 8 21] 77 14 36 11,527 | 3 22-6] 6-913 | 46 52-64} 7-381 | 10-113 
79] Padum........ 33 28 O| 76 54 15 11,590 | 3 40-8 45 51-97 
80] Dah.......... 34 32 35| 76 25 5 9,690 
81] Sasser Pass ..... 35 6 O| 77 27 35 17,753 | 3 31-9 48 17-68 
82} Kargil ........ 34 30 0| 76 4 2 8,845 |3 10-1] 6-830 | 47 57-15 | 7-574 | 10-197 
S3pDras- od sig ee ws 34 28 0! 75 43 5 9,951 6-922 | 46 51-45 | 7-386 | 10-122 
Group x1. BAutr anp Haséra. 
81|Hashe......... : 76 35 20| 10,440 
85] AChorkénda..... 75 56 O 13,790 
86 | AShinchakbi Bianga} 35 76 0 13,553 
87) ATso Ka... 2... 3 15,724 
88] Askoli ... 2... 56 9,710 
89) Chutr6n ....... 25 8,060 
90] Shigar 2... 2.8. 45 7,537 
91|Skardo........ 44 7,250 10-943 
Tashing ....... 40 
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ia i 
Geographical Co-ordinates. Magnetic Elements. | 
a acl i Hori Di Vertical | ‘Total 
ae Peete Ean Beene anteraty. North. Intensity. |interiaity, ! 
ce. Karakortiim and Kuenliten. 
Group xu. Torxisran. 
: BA Pcie o + ou Engl. Peet. | o : 1 |Engl. Units] o , Eng). Umis, Engl. Unlts., 
93| Karakorim Pass . .|-35 46 55| 77 30 21] 18,341 | 3 33-6| 7-140 | 49 13-75} 8.280 | 10-933 
04) Kidk-Kidl 2.2... 35 40 0| 77.56 0| 15,460 | 
95{ AStget....... 36 10 25| 7750 5] 12,960 }4 21-5 50 12-35 al ; 
96} ABallu....... 35 49 77 3h 16,889 | 
97) AChilgine ..... 35 58 77 35 16,416 i 
98] A Kissilkorim ...| 35 57 77 50 17,762 | 
99| A Aksée Chin ...] 35 52 77 51 16,620 
100] /\ Karakdsh valley .| 35 49 77 51 14,820 
101] A Kafir Déra.. , . | 35 50 78 12 14,420 
1102) \Bashmalgin ...] 35 50 ‘| 78 17 14,214 
103] ,\ Karakash valley. | 35 51 78 22 14,000 
104] A Sikander Mokim.| 36 3 78 29 13,864 : 
1105] A Karakdsh valley .| 36 8 78 14 13,613 | 
106] A Stimgal...... 36 8 78 5 13,212 6-979 | 50 5.38! 8-343 | 10-879 |l 
107) A Gulbagashén .. .| 36 9 77 45 12,252 
108] Klchi Davin Pass . .| 36 13 78 7 17,379 
109] Bishia.... 2... 36 26 78 19 9,310 
110| Wlehi.. 2... 0... 36 50 78 20 
111] Yarkand ....... 38 10 74 0 | 
112] Kashgar ....... 39 15 | 71 50 ye 
| a“ | ! 

















Se = SSS = = = - =! 


I. Survey or tae Inpian Ancuireaco, rrom 1°45 ro 1849, 
_-BY Caprain C. M. Exxior. 


These observations, which are contained in the Philosophical Transactions for 1851, 
seem not to require as yet a minute reduction to one common period. Parts which 
our maps have in common differ very little from his, and that not always even in 
the same way, and within the last years, the secular changes are scarcely appreciable 


for the southern parts of India.' 


1 See pp. 280 and 298. 
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For the values of the periodical changes also no special correction is necessary; 
for Southern India in particular they could not, from their geographical position, be 
expected to be very great. Our observations, as well as Captain Elliot’s, generally 
confirm this for the period of the last ten years, though they can only be considered 
as defined for some few rather isolated localities. 

Some remarks about the probable secular changes since the year 1600 will be 
given below in connection with the observations collected by Hansteen (see p. 474). 

Not being acquainted with the languages spoken in the territories examined by 


Captain Elliot, we have left his transcription unaltered. The heights are determined 











































barometrically. 8. L. = sea level, or a little above it; U. = height unknown. 
| 
tenuis Longitude Declination Total 
Station. Date. North and 7 : 
South, East Green. East. Intensity. 
Je 
\ Mh tal Engl. Unité|Engl. Units. 
1845 . 1 36 47 8-095 | 8-306 
Oh ea Engl. Feet. \ 2 ‘ 

Singapur... .... tees 1 18 32N. | 103 56 30] S. L. ioeoniata| aed beac: 
1847 ] (12 56-2 8.| 8-116 | 8-328 
| 1848 113615 |12 56-7 S.| 8-114 | 8-326 

; Pulo Peesang.... | 1846, January | 1 2753.N.{1031915; S.L. | 131 7 8-092 

Carimons ...... ‘ a 059 22 N.|10327 0| SL. | 123 5 8-077 

Pulo Boodya .... » February {0 9 9N.j 10421 0] S.L. | 12849 

Lingn.. 2.0... , E 011398. |10437 0] SL. | 119 7 8-062 
Sarawak... 0... » MaytoJuly| 133 54 N./ 11029 0 U. 1 940 /|11 14-9 8.| 8-186 | 8-346 
Sambas ....... » duly 122 0N.] 109 28 0 U. 11550 {1131-0 §.| 8-166 | 8-334 
Permanket » duly 11029N.| 109 415) SL 1 933 /12 35-8 S.! 8-182 | 8-384 
Pantianak .. 2... 7 Kugust 0 1198. ]10930 0) S.L. | 13119 1/12 45-0 8S.) 8-125 | 8-331 
Succadana. ..... - a 115338. |10957 O| S.L. | 12239 /17 2-1 5.| 8-086 | 8-457 
Batavia... .... » Sept. 6 9525. ]10658 0} S.L 047 7 (|27 5-4 5.| 7-897 | 8-870 
Ceram ........ * » 29/6 7 58./10615 0] SL 03425 (27 14-2 8.| 7-850 | 8-829 
) Anjeerr.. 2.2... » Oct 1/6 2478.]106 1 0] SL. | 05811 (26 32-0 S.| 7-887 | 8-815 
Cheringin .. 2... Fe is 3 |622 5S. | 1054645] S.L. | 05044 [2734-0 S.| 7-886 | 8-895 
' Palambangan....| 4  » 5 |631 08.|1055445] U. | 05910 [28 8-6 S.| 7-855 | 8-909 
| Chebiliang. 2... . oo» 7{647 08.]1054915] U. |02036 |28 41-1 S.| 7-753 | 8-834 
; Chelangkahan . .. . se xf 10 | 654 OS. | 106 645 U. 01346 |28 23-9 8.) 7-647 | 8-838 
i Goonong Dadap . . 2 » 12|628 08.1106 6 0 U. 05257 (2731-7 8.| 7-943 | 8-958 
| Woorong Goouong . ia - 15 1611 08. ]}10610 0 Uz 040 4 (|27 23-2 8.1 7-916 | 8-915 





























Station. 





Chunjir ....... 
Karang Tengga.. . 
Chebranok...... 
Wyn Cooper’s Bay . 
Chilotoe .. 2... 
Pangangbahan .. . 
Mooaro Chikasso . . 
Sidang Barang .. . 
Pejong Petair. .. . 
Bandong....... 
Garoet........ 
Permafigpek. ... . 
Cheraignaktok. ... 
Kalipoochen. .... 
Banjeer ....... 
Chiwee........ 
Samadang_ aay os 
Cheribon....... 


Japara........ 
Ambarawa..... . 
Balembang ..... 
Solo... . 0... 
Nyjawee ... 2... 
Bankawa, Solo river 
Soorabaya...... 
Simenap ...... 
Pulo Kuneeang.. . 
Bezooki ....... 


ce 


Patehitan ...... 
Munoori....... 






Date. 


1846, Nov. 23 


27 


10 
, 
. 13 
, 1 
». 16 
» 2 
ary 


» 10 
12 
» 14 
» 18 
» 26 
» 30 


10 
13 
15 
ay) 
25 
March 
April 
» 26 
May 
» 2 


June 1 
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pantie Longitude a Declination . Horizon- Total 
North and | _, Height. Dip. tal : 
Enat Green. East. Intensity. 
South, Intensity. 
Be i Yh BRD, ot 3 hk a, Engl. Unite.|Engl. Units. 
6 43 48. | 106 58 45 U. 01132 |28 45-4 S. 
651 0S. | 10659 0 U. 29 45-7 S. 
650 88. /}107 945 U. 1 35 28 [28 26-1 S.| 7-886 | 8-967 
6 58 16S. | 106 47 45 U 11318 |28 24-1 8.] 7-934 | 9-020 
657148. | 106 25 30] S.L 035 9 |28 30-8 S8.| 7-916 | 9-009 
7 5 OS. | 106 3630] SL 0 32 20 |29 21-5 S.| 7-873 | 9-033 
711178. | 106 27 0 U. 0 27 38 (28 54-3 §.| 7-894 | 9-017 
730 378. | 10619 0 U. 010 5 |29 44-4 §.17-907 | 9-106 
728 08.1106 38 0 S.L 01314 [30 8-3 8.| 7-817 | 9-039 
730 0S. /10710 0 U. 0 513 (30 15-0 8.| 7-781 | 9-007 
713368. ]107 2 0 U. 016 23 |29 36-5 S.| 7-924 | 9-113 
6 55 44.8. | 107 40 30 U. 0 26 23 (28 34-4 8.| 7-939 | 9-040 
713548. | 10755 0 U. 025 21 |29 1-5 8.] 7-925 | 9-060 
7 39 23S. | 107 45 15 U. 0 20 20 |30 14-8 5.| 7-826 | 9-059 
738258. ]108 945 U. 01813 |30 10-9 S.] 7-894 | 9-132 
739 28. | 108 5230] S.L. 05746 |2953-9 8.| 7-907 | 9-12] 
723 88. | 10842 0 U. 02759 |29 9-98. 
7 9348. | 108 23 0 U. 0 33 23 |28 41-9 S.] 7-953 | 9-066 
651148. ]108 445 U. 0 30 24 |28 0-2 S.] 7-948 | 9-002 
6 43 348. | 10842 0; S.L. 03141 |27 52-0 S. 
619358. | 10825 45] SL. 041 5 |27 30-9 S.| 7-944 | 8-957 
6 51578. | 109 15 30] S.L. 0 3759 |28 5-1 5.} 7-950 | 9-010 
659 428.) 1103045) S.L. 023 51 |27 4-68.} 7-937 | 8-915 
636 78. ]1103815| S.L. 0 2455 |27 29-9 8.| 7-964 | 8-978 
716 88. | 110 28 45 U. 033.17 )29 27-7 8.| 7-963 | 9-146 
724 08. ]11037 0 U. 29 2-48. 
735 OS. | 110 53 30 U. 03559 /29 12-7 8.| 7-958 | 9-118 
7 23528. | 111 2915 U. 0 29 25 |28 59-9 S.} 8-040 | 9-193 | 
7 02658: | 11221 0 U. 0 28 38 |27 47-3 S.} 8-025 | 9-072 
716 18. /|112 4430] S.L. 05155 |28 53-0 8.| 8-075 | 9.222 
7 0268.) 1135115) 5. L 04415 |27 45-8 S.| 8-048 | 9-096 
6 51 328. | 115 1630] S.L. 032 7 /27 25-6 S.| 8-064 | 9-086 
743298. |11394245|) SL. 02959 |27 7-5 S.| 8-011 | 9-000 , 
748298. /112 0 0 U. 02828 |29 52-2 $.] 7-905 | 9-115 | 
812568.) 111 530] SL. 019 32 {30 36-0 $.] 7-887 | 9-163 
7 35228. /110 4 0 U. 01818 |29 20-5 S.| 7-960 | 9-130 











Station. 


Karang Bolong. . . 
| Chilachap ...... 
Aji Barang 

' Kandang Aur... . 
Lampongs...... 


Bencoolen 


Sijongong ...... 
|| Bua Panjang .... 
Payacombo 
Fort Vande Capellen 
Padang Panjang . . 
Fort de Kock 

| Menindjo 
Balembangan .... 
Peesang 
Bonjol 


Loobisikapping .. . 
Batoo Bedindi .. . 
Lender 
Rau 


Kotanopan ..... 
Tana Batoo 
Fort Elout 

Singalangan 


Padang Sidompang 
Sibogha 
Baros 
| Sinkel 
Goonong Satoolie, 


Pulonias...... 
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Mount Ophir, Malacca; 


Latitude , 
Date. North and Tongiiade 
South. East Green. 
° ‘ a ° ‘ “at 
1847, June 6 | 745448. | 109 27 0 
a ” 9 | 744298. | 108 57 15 
3 » 12} 224495.°|109 3 30 
” » 2516234658. ]108 4 30 
» August 5 26 128. | 105 20 15 
» September | 3 53 548. | 102 28 45 
» October 0 58 58S. | 100 3115 
» Nov. 1& 2)047 58. | 10055 45 
Se vey 5 | 0414758. | 101 19 30 
soo 8/028 98.]101 8 O 
sie 99 10}013168. [101 445 
a tae 11 | 027348. ]101 3 0 
y MS 14 | 022 OS. | 100 42 30 
woo 16 | 013 OS. | 100 27 15 
a on 17 |}013 08. /10014 0 
» «18 | 011448. | 100 10 15 
yar ae 19} 0 7558. {10012 0 
so 20 | 0 0525. | 100 13 30 
crn 21/0 655N. 
wo 22/016 ON. 
ag tae 23 | 024 24N./100 4 0 
» 95 24 & 25,033 7N.| 99 56 45 
tet. ae 26 | 03619 N.| 99 5215 
yon 271039 ON.| 99 47 15 
” 28 | 042 ON.| 99 42 45 
won 29 | 044 26N.| 99 30 45 
» Dee. 1|05056N.] 99 32 20 
” 3] 114 48N. 
ie A 6 | 122 33N.| 99 22 45 
» 9 12t0 16) 14442 N.] 9856 15 
»  » 19 to 20) 2 051 N.] 9831 30 
» » 23to 25) 21637 N.| 9751 35 
ey 31 |11735N.| 97 4050 
1848, Jan. 10to13| 0 33 44. N.| 99 20 15 
» March 28 | 222 ON.| 102 38 0 











Engl. Feet. 


Seis. 
8. L. 
U. 

8. L. 

S. LL. 
8. L. 
8. L. 
1232 

458 


8. L. 


Declination 


Last. 


aon 


0 32 13 
0 36 57 
0 54 38 
0 18 13 
1 12 30 
15 9 
1 24 26 
139 5 
1 21 38 
1 22 29 
1 29 46 
1 28 13 
1 33 30 
1 9 23 
1 31 48 
1 36 39 
1 46 33 
1 35 30 


1 35 45 


1 37 27 
1 38 49 


1 34 30 


143.35 


1 40 38 
1 16 42 
134 8 


1 43 38 


128 8 











° é 
29 55- 
29 45- 
27 22. 


26 15- 
23 54. 
18 32. 
17 50- 
17 49. 
17 11- 
16 38- 
17 12. 
17 47. 
16 59- 
17 0- 
16 47- 
16 33- 
16 38- 
16 8- 
15 49. 
15 35- 
15 37- 
15 50- 
15 4]- 
15 19- 
15 3: 
14 48- 
14 11. 


13 47- 
13 2- 
12 58- 
12 23- 


14 5- 


15 32. 
9 55- 






Dip. 


95. 
88. 
18. 


@Bomonon 


wnoaw»nwnna~p 


Pm 


DNDNNDANMAN MD 1 


anovuowr eB tO oO NYDN FF YY Wo fF 
mn 


@ 





Horizon- 
tal 
Intensity. 





Engl. Unite. 
7-935 
7-915 


7.944 
7-916 
7-913 
7-962 


















Total 
Intensity, 


Engl. Units. 
9-157 
9-118 


8-827 
8-655 
8-397 
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Station. 


Pulo Labooan.... 
Sambooanga 
Keemah 


‘Tondano 


Manado 


Cocos 





Malacca 
Pulo Dinding... . 


Pulo Penang .... 
Nicobar ....... 
Noncowry Harbour 
Bompoko 
Hastings’ Island . . 
Moulmén 


Madras 
L_ 


Date. 


1848, May 3 to 5 


” 


” 


” 


” 


” 


» 25626 
June 21 

» 27 

» «29 
Aug. & Sept. 


1849, Jan. 2 


”» 


” 


” 


” 


” 


” 


” 


” 


» 10 
» 20 
Feb. 5 to 12 
” 17 
” 19 
March 26 
April 
July & Aug. 





Latitude 
North and 
South. 


oon 


5 1659 N. 
6 54 20 N. 
1 2155 N. 
11731 N. 
12911 N. 
12 5388. 
21119N. 
41247N. 
5 25 36 N. 
91012N. 
8 142N. 
814 5N. 
10 645N. 
16 29 46 N. 
13 411N. 





Snet Green,| Heh 
o 7 a | Enel. Feet. 
1151815] SL. 
12213 45| S.L. 
125 759/ SL. 
1245011] 2240 
1245111] SL. 
96 50 30| S.L. 
10217 0| S.L. 
100 32 52| S.L. 
100 24 38| S.L. 
92 48 23] 8S. L. 
933920] U. 
931920] SL. 
982115] S.L. 
97 45 30] S.L. 
80 1356| S.L. 


Declination . 
East. Dip: 
° ‘ “a ° ‘ 
1 36 27 251-6 8. 
115 24 118-2 N. 
13947 11 1-48. 
1 737 1054-38. 
12616 |10 43-6 S. 
1 10 42 W39 18-5 S. 
15024 |11 25.28. 
14834 | 731-25. 
14848 | 452-8 S. 
1 53 2) 114-8N. 
054-4 S. 
0 22.9 §, 
21310 |419-0N. 
22025 |17 45-6 N. 
056 8 |734-2N, 


UI. Derermination or tHE DecLinaTion, From 1834 To 1849, 


BY THE 


Inpran Navy. 











467 
Horizon- Total 
tal . 

.,_ |Intenasity. 
Intensity. 
Engl. Unite.JEng). Unite. 
8-240 | 8-250 
8-162 | 8-164 
8-253 | 8-408 
7-275 | 9-400 
8-114 | 8-278 
8-117 | 8-187 
8-159 | 8-189 
8-155 | 8-157 
8-177 | 8-200 
8-119 | 8-525 
8-078 | 8-149 









The originals of these observations are deposited in the Records of the Admiralty 


Office. Though not all of equal accuracy, they form altogether a very interesting 


series for showing the gradual change of the declination along the Indian coasts. 


A few observations, extracted from various sources, have been added by us. 
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Station. 


Karradchi! ..... 
Mantra? ...... 
Vari Creek? ... . 
Lalchatta Tomb?® . 
Mouth of Sir River? 
Near Mémda Point? 
Nerdni Creek3.. . 


' Jéku Swamp? ... 


Abdtllah Shah? 
Tomb? ....... 


Tennevélli Coast®. 


Latitude N. Long, E. Gr. Year. Declination Last. 

° ‘ ° ‘ ° ‘ 

24 46 67 1 017 
three miles south of Karrachi. | 0 30 
23 52 67 49 QO 12 
23 47 68 36 1 12 
23 38 68 5 : 0 24 
23 36 68 22 1848-9 0 51 
23 23 68 25 0 18 
23. 7 68 37 0 29 
22 55 69 0 0 43 
22 58 70 1 27 
21 6 72 57 1 0 
11 15 75 45 0 25 

8 40 78 30 0 51 

8 25 78 25 sca 1 58 

8 77 50 0 10 

8 29 76 56 0 38 


Trivindram®. .. . 
(Dip 1° 55’ South) 





MAGNETIC OBSERVATIONS. 


A. Western Coast of India. 


' W. A. Fenner, Acting Master. 


1 Lieutenant Grieve. 
§ Surveyor Franklin. 





























Obseryers. 
? Commander C. D. Campbell. 
‘ Lieutenant Montrion. 
® J. A. Broun, in Journal of the Trivandram Society, 1855. 
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B. Ceylon and South and East Coast of India. 








































Station. , Latitude N. | Long. E. Gr. Declination. 
o 4 o 7 

Adrampatim!........ 10 17 1 20 EF. 
Palks’ Strait!h. 2.2.2... 10 5 79 35 1838 1 20 E. 
Western Side of Palks’Strait | 9 45 79 30 1838 0 30K. 
Delft Island! ........ 9 30 79 48 1838 1 40 E. 
Palks’ Strait!. . 2.2... 9 30 79 18 1838 0 30 FE. 
Péumben,? Ceylon ..... 9 21 79 9 1837 0 35 W. 
Palks’ Straith. 2... 0... 9 3 78 35 1838 0 5125. 
Manir, Palks’ Strait .... 9 5 79 55 1845 1 4E. 
Juttikoyin .. 2.0.0... 8 48 78 8 1842 0 51K. 
Koelramalai? ........ 8 32 79 50 1845 1155. 
Trichendér?......... 8-30 78 8 1842 1 58 E. 
Near Cape Komorin!... . 8 3 77 35 1843 1 10 E. 
Mutokbindi!......... 7 41 79 44 1844 0135. 
Jeylon, West Coast? .... 6 15 80 10 1839 1155. 
Koringa Bay*........ 16 45 82 15 0 

2 
Caleutta®. 2... 22 33 88 21 2 
Sihét® 24 53 91 47 

Observers. 

1 Powell and Ethersey. 2 Powell. 3 Franklin. 
4 Tell, 5 J. A. Hodgson (Surveyor General). © Fisher. 


TV. OsseRvATIONsS IN 1833, ALONG THE HasteRN Coasts oF INDIA. 


BY De BuossevILLy. 
The declination was not yet determined by collimator magnets, but by two 
needles; the meridian by a Borda's circle. The dip circle used was particularly deli- 


cate. See Asiatic Researches, Vol. XVIII, part IL, p. 4 
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Station. Latitude N. | Long. E. Gr. | Declination East. 
Chandernagor . . . 22 50 88 23 2 39 52 26 47 3N. 
Calcutta... ...- 22 33 88 21 238 5 26 32 38 N. 
Pondishérri .- . . 11 58 79 54 1 2 13 346 ON. 
‘ Karikfl. 2... .. ll 5 79 56 114 1 
Jafnapatam ... . 9 32 80 3 116 0 0 39 45 §S. 
APIO occa ies ss 4 827 | 80 1 217 34 S. 
Trinkomali..... 8 42 81 9 1 8 5 3 34 10 S. 
Rangfin....... 16 46 96 17 0 49 52° 17 51 47 N. 
Batavia....... 6 108-} 106 58 031 8 25 50 1 8. 








V. Desctination mn Cenrran Inpia anp HinposrAn, From 1813 to 1828, 


By J. A. Hopeson, Surveyor GENERAL. 


This table, taken from the Asiatic Researches, Vol. XVIII, part IL, p. 10, does 
not seem to be of equal accuracy throughout for the declination. The values, how- 


ever, are given as they originally appeared. 


Year of 


Station. Observation. 


e Latitude N. | Long. E. Gr. | Declinetion Hast. 


coooooo Oo OC: 


Kashipur .... 
Sukertal 
Goverdhanpur . 
Chandi Pahar . 
Saharanpur... 
Déra Dan. . 


_ 
on 


° 
0 
0 
1 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 


Chir Station... 
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VI. Averacs Deciination IN RasvAna, 1835, 


By Lieutenant A. H. E. Bomerau. 


Lieutenant Boileau’s interesting book, “Personal Narrative of a Tour through the 
Western States of Rajvara, in 1834 and 1835, Calcutta, Baptist Mission Press,” con- 
tains, pp. 302 to 328, some declinations determined with the needle of a theodolite. 
The latitudes are directly determined by the writer, the longitudes we have taken 


from his map. 






















Date. | Station. Latitude N. | Long. E. Gr. ree 

oonn o 7 

1834 Oct. 13 | Camp Janth . .| 28 15 21 | 70 3 30 1. 2 
1834 » 2% |CampPiragptra} 27 36 30 0 36 
: 1834 Nov. 5 |Sambhar ....|] 26 5453} 72 0 0 0 57 
1834 fe BEE om, Sec oss heBe ee Hell. ae ae 
1835 Jan. 8 jSinghina....| 28 4 33 1 1 
1835 | Feb. 1 ‘Udepur..... 27 43 26 | 75 37 O}] 1 8 
1835 | May 25 | Phalddi..... 27 821 | 722515] 0 32 
1835 | June 3 | Shio sae eats 26 11 31 | 71 18 30 0 32 

















a ed 

Lieutenant Boileau himself concludes, p. 327, with the following remarks: “As the 
observations differ considerably among themselves, owing to the difficulty of accurately 
adjusting the needle of so small an instrument as a 31% inch theodolite, they are here 
collected into one place that their mean may be taken as the true magnetic declination 
in the upper parts of Rajvara, in about 


Latitude N. Long. E. Gr. Mean Declination. 
27° 0! 75° 0’ 0° 52’ Wast.” 
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VIL. Dir anp Rexarive Horwontran Inrensiry, From 1837 To 1839, 
py F. G. Taytor anp J. Canpgcorrt. 
These observations are contained in the Madras Journal of Literature and Science, 
1839. The transcription, with few exceptions, is left unaltered; the longitudes are 
referred to the Madras longitude of 80° 14’. 











































Relative 

Station. Latitude N. | Long. E. Gr. Horizontal 

Intensity. 

o of o oF 5 

Ongole.. 2... ....00048 15 30 80 2 11 0-9868 
Ramapatan .......... 15 3 80 3 10 44 14 N. 0.9834 
AM tit edie us deb Re ee 14 41 80 4 10 18 46 N. | 0.9804 
Nelliry ..........-0. 14 28 79 59 9 41 16N. 0-9886 
Woogilly.........24. 14 1 79 55 8 49 20 N. 0-9903 
Sooloorpet.........5. 13 41 80 0 Bll 17 N. 0.9830 
Poodway .......--0% 13 21 80 8 7 16 46 N. 0.9913 
Madras........-.-0-. 13° 4 80 14 6 50 4N. 1.0000 
Sadras. 2... ee eee 12 32 80 9 5 31 23 N. 1.0072 
Allumparva.......0.. 12 14 79 59 4 50 16 N. | “0.9929 
Pondishérri.......-., 11 56 79 49 4 27 12 N. 0-9972 
Porto Novo.......... 11 29 79 45 3 615 N. 0-9962 
Sheally. 2... 2 ee, 11 16 79 47 228 13 N. | 0.9936 
Kalikat. 2.0... ®..... 11:15 75 45 242 43 N. 0.9942 
Tranquebar .......... 11 1 79 52 2 517N. 0.9937 
Penaney............ 10 47 75 55 111 25 N. 0-9956 
Negapatam .......... 10 46 79 48 1 42 10 N. 0-9958 
ee 039 SN. ee 
Manargoody.......... 10 40 79 29 ogee tee 
Chetwaye 2... 2.0.00. 10 32 76°44 112 34 N. 0.9880 
Puttoocotah. ......0... 10 27 79 20 055 ON, 00-9746 
Munamelegoody........ 10 8 79 12 010 34 N. | 0-9826 
Balghatty 2... 0.0.0.0, 9 59 76 14 0 18 46 N. 0-9929 
Kalehennary ... 2.0... 9 40 78 57 0 22 N. 0-9820 
Allepee .. 0.0.2... 9 31 76 18 0.9769 
Ramnad... 2... 2.000. 9 22 78 51 1 24 42 S.- 0-9775 
Paumben ........... 9 21 79 9 1 35 30 5. 0.9953 
Carryshandy. 2... 2.0... 911 78 24 151 52 8S. 0.9745 
Vadinatrum.......... ROT 78 7 1 33 57 S. 0-9730 
Quilon. 2... ee & 54 76 40 2 21 35 8. 0-9762 
Powani....-........ 8 49 77 54 2 46 10 5. 0-9763 
Tutocorm ........... 8 48 78 11 2 37 42 8. 0.9955 
Palameottah. 2.2.2.0... 8 44 77 45 246 18, 0.9869 
Trivandram .......00-. x 29 7G 56 3.15 24 8. 0.9863 
Nagracoil .......000.. 411 77 25 353 358. 0- 9898 








\ 
t 
| 
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The preceding observations along the coast of Southern India were chiefly made 
to determine the position of the magnetic equator and the intensity along this line. 


Messrs. Taylor and Caldecott determined the following three points of the magnetic 


equator : 
Latitude North. Longitude East Green. 
° E “a ° ‘ “a 
9 37 28 80 6 47 
9 56 46 79 27 23 
10 1 51 77 3 38 


Our own observations, referred to January 1, 1856, though differing very little 
for the position of the magnetic equator, give (as also do the lines on Captain Elliot’s 
maps, 1848) decidedly greater inclinations for the latitudes at some distance north of 
the magnetic equator. 

Taylor and Caldecott themselves often find uncertainties of more than 30’. 

The relative horizontal intensity referred to Madras (= 1) will nearly represent 
the absolute values for 1856, if multiplied with 8-023." 


VIT. Decimation any Die iw Kasauiz anp Lapdx, 1 1847, 


sy Mason A. CunnINGHAM. 


. ® . . . ’ 
These values, the first determined in these regions, are contained in his “Ladik”, 
London, 1854. No data in reference to the instruments, or the method of observation, 
are given. For the intensity no results can be deduced, the readings being given of the 


vibrations only, and being besides unconnected by any observations with India. 


“a 
2 44 29.96 













Station. Latitude N. | Long. E. Gr. 











moO 
2 


Srinigger, capital of Kashmir 
Lara, in Spiti. 2... 


a ee 
= 
co 



















Hanle aft 28 4a add Mees 8 56 
Raldang $ in Rukehu. . . 8 27 
Pilgay, }s say wae nas ( 78 25 45 10 24 | 
Leh 77 15 52-02 46 43 9! 
, in Ladik. . .. ui ‘ ‘ srg og i 
| Milbe = 7G 7 2 44 29-10 [46 56 244 








' Compare our values for Madras, pp. U86. 
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IX. Hisrorican Dara For Securar CHAance. 

‘The old observations on declination and dip, made since the beginning of the 
17th century, we chiefly collected from the important work of Christopher Hansteen 
“Untersuchungen iiber den Magnetismus der Erde.” Christiania, 1819. Though the 
editor, with his well known scientific accuracy, points out (p. 141) that observations 
imade in so remote a period cannot be directly compared, in respect of accuracy, with 
the results obtained by the present improved instruments, yet the materials are of quite 
sufficient accuracy to deserve, by the importance of the object, our full attention. 

We may avail ourselves of this occasion to remark that the few, but careful, 
observations of the Hast India Company’s merchantmen furnished, with few exceptions, 
the first positive materials' which suggested to Halley’s genius, that the admission of 
four, instead of two, maxima of forces alone allows of a satisfactory theory of. the 
magnetic phenomena. These early contributions, due to a body which has added to 
the lustre of its political importance by unremitting attention to the interests of 
science and literature, formed the basis of Halley’s fundamental work, “Theory of the 
Variation of the Magnetical Compass”. Philosophical Transactions, Vol. XIIL, 1683.” 

We have brought into a geographical arrangement the old observations, from the 
heginning of the 17th up to the end of the 18th century, which, though covering a 
vast extent, are limited to points of the sea shore. In another column will be found 
the values of our own observations, deduced from our maps for the same places. 

Corrections for periodical changes, instrumental errors, &c., could not be applied; 
but the latitudes and longitudes we corrected from the most recent charts. We also 
took means, when more than one observation was made within a short distance of 
time. The diagrams to illustrate these secular changes are contained on our magnetic 
maps, and drawn on a small scale, which allows all the materials to be compared at 
one glance. . 

For the declination in 1800, the reference to the more recent materials enables 
us considerably to modify Hansteen’s views of the lines for those regions. 


' Similar observations of the earlier periods may he still contained in the official naval records, deposited in 
the Marine Department of the India House. 

? Amongst his successors we mention the well known observations and great works of Humboldt, Gauss and 
Weber, Sabine, Kupfer, &c.; and as books of more general reference, not without special interest for many scientific 
gentlemen in India: Humboldt’s Cosmos, Vol. [V., 1858, Herschel’s Admiralty Manual, Lamont’s Handbuch des 
Magnetismus, 1349, ond Babinet’s Mémoires dans la Revue des Deux Mondes, Vols. 7 and 8 (1857), “De laimant 
et du magnelisme terrestre.” 
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a. Declination on the Coasts of India, and in the Indian Archipelago, 


from 1600 to 1856. 
Declination. | 










































: Latitude Longitude 
Siahon end. Ohecerer, North. East Green.| 17th Century. 18th Century. 1856, 
Schlagintweit. 
Decl. West. Decl. West. Decl. East. 
West Coast oF Inp1a. 
° oon ° aon ° ‘ ° ‘ 
Dit: Payton | 20 42 70 52 1613; 16 45 0 11 
Best 1611; 16 23 
stat Boners | 21 6 72 57 1612; 16 50 pact 
Strat: Mathews 1722; 5 50 0 27 
Mathews 1723; 5 40 
. Best 20 24 72 53 1612; 16 30 
Dann: Best 1676; 12 0 oe 
Mathews 1721; 5 14 | - 
Bombay : Mathews | 18 54 72 49 1722; 5 7 0 19 
Mathews 1723; 5 10 
Chaal: © Mathews | 18 40 72 52 1721; 5 27 0 19 
eee Daunton | 17 32 73 2 1610; 15 34 
abut: | Daunton 1611; “16 30 oe 
Rajapur: Mathews | 16 50 73 10 0 17 
Alenisius 1609; 16 0 
Noil 1706; 6 40 
Géa: Mathews \ 15 25 73 46 1722; 4 57 0 18 
Mathews 1723; 5 8 
| Mathews 1724; § 41 
Agoada: Mathews | 15 29 73 45 1722; 5 49 0 19 
Mathews 1722; 5 22 
Karvar Bay: Mathews | 15 0 73 50 1723; 5 8 0 19 
Mathews 1724; 5 4t 
if Mathews | 12 52 | 74 49 1722; 5 30 
Mangalur; Mathews 1723; 5 5 y20 
Tellichérri: Mathews | 11 45 75 28 1722; 4 12 0 21 
Pring 1614; 15 0 
Bo Noél 9 58 76 14 1706; 6 20 
Kéchin: Mathews 1722; 3 43 0 23 
Mathews 1724; 3 51 | 
eee Mathews | 8 41 76 46 1724, 417) 9 
Anjengo: Panton 1776; 1 12 _ | 




















60* 


476 


MAGNETIC OBSERVATIONS. 













Ava: 
Calcutta: 


Chandernagér: 


Balasoér: 


Pt. Palmyras: 


Masulipatam: 


Petapolli: 


Madras: 


Pondichérri: 


Cape Komorin: 


Freyets Hood: 


Galle: 








Station and Observer. 


Davis 
Best 
Bonners 






Duchatz 


Mathews 


Boudier 


Mathews 
Mathews 


LHippon 


Hippon 
Marlowe 


Mathews 


Mathews. 


Richaud 


» Mathews 
Mathews 


Castleton 
( Mathews 







Latitude 
North. 


22 50 


21 30 
20 43 





Longitude 
East Green. 





Bay or Benoa. 


°° ‘ 
96 20 


88 2] 


88 23 


86 55 


87 


3 


3. KoromAnpEL Coast anp CEYLon. 


° 
16 
16 
13 


1] 


” 


10 


11 





°o ‘ 
81 10 


31 7 


80 14 


79 49 


aT 


80 11 


1689; 


1680; 


1610; 


1611; 
1613; 


1680, 


1689; 


1601; 
1612; 
1620; 
1680; 
1688; 


1613; 


Decl. 


Declination. 





lith Century. 


West. 


5 0 


8 20 


12 22 
12 35 
13 10 
8 10 


70 
16 0 
14 15 
14 20 
8 45 
7 30 


13 24 | 








16th Century.’ 


1722; 


1731; 
1735; 
1743; 
1745; 
1747; 
1750; 


1722; 


1722; 
1723; 


1723; 


1722; 


1723; 


Decl. West. 








om SN SS po 
bo 
ecocoeocooc ak. 


3 33 





“2 54 
2 16 


2 45 







Schlagintweit. 










1856, 


Decl. East. . 
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2 20 
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Ti 
Declination. 
Latitude Longitud 
Station : : ; ongitude 
Station and Observer. North and eecGiwan: 1847, Elliot's 
South. 17th Century. 18th Century. Survey. 1 
Decl. East. 
4. Inpian ARCHIPELAGO. 
‘3 1 
Oo t oo é ! a a 
Nicobar: Davis 92 48 |1605; 7 5W. 1 53 
Dates 106 19 1620; 1 OW 
». ke ’? . ° i 
Pulo Kondor: Cool 1780; 0 14 W.| 
Achin: Davis 95 34 | 1610; 6 25 W. 1 47 
Marlowe 99 ¢ . y 
Benne arlowe 99 43 | 1612; 4 10 W. 1 32 
; Castleton 1613; 4 50 W. 
Marlborough Macdonald 101 50 1794; 1 10 E. 
Fort: Macdonald ; 1795; 1 8 E. 
Banka Island:  Jfarchaud 106 2 1791; 0 0 1 16 
Sunda Strait: = Adiheord 10 50 | 1615: 3 30 W. (38 
Walli, 06 58 767; 1 25 W. 
Batavia: e sini es eee 0 47 
Carteret 1758; 0 25 W. 
Bantam: Saris 105 21 | 1619; 3) 0 W. 0 43 
Palambangan: Davis 105 55 | 1605; 3 20 W. 0 59 
Wallis 517 Ts; I 
Prince’s Island: oe ae Nem 0 42 
Cook 1780; 0 54 W. 
Madtira Island: Cartaret 112 49 1768; (0 30 W. 0 34 
Bontani, on Ce- . 
lebes: Cartaret 117 45 1767; 1 16 W. 0 48 
Doa, Molukka: Saris 126 1613; 5 20 FE. 











As some of the most characteristic features, we may mention that, in the be- 
ginning of 1600, the line of 16° to 17° westerly declination had a position nearly 
coinciding with that of the line of 0° declination in 1856; in 1800 the declination 
had already decreased to 3° to 4° west. The northern parts show oscillations of the 


lines much greater than the southern ones in 1800; the line of no declination passes 
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Declination. 























































i 1723, 245 0 41 





ie Latitude | Longitude 
piahou end -Obserner: North. East Green. 17th Century. 18th Century.’ 1856, 
i: Schlagiutweit. 
Decl. West. Decl. West. Decl. East. 
2. Bay or BENGAL. 
5 ° f ° i 4 °o ‘ 
Ava: Duchatz 21 0 96 20 1689; 5 0 
°o ‘ Oo a 
Calcutta: Mathews | 22 33 88 21 1722; 4 7 1 54 
1731; 3 0 
1735; 2 0 
1743; 1 20 
Chandernagér:  Boudier 22 50 88 23 ; 2 20 
handernag: 1745: 10 
1747, 0 0 
1750; 0 0 
Balasor: Mathews | 21 30 86 55 1680; 8 20 2 1 
Pt. Palmyras: Mathews | 20 43 87 3 1722; 3 33 2 0 
3. Korom&nDEL Coast anp CreyLon. 
: o o oF ° ‘ ° ‘ 
Masulipatam: Hippon 16 10 81 10 1610; 12 22 1 12 
Hippon 1611; 12 35 
Petapélli: 16 11 81 7 1 12 
i Marlowe : 1613; 13 10 2 
on 1680; 8 10 as ee 8 
Madras: Mathews | 13 4 80 14 1722; 2 52 0 59-5 
Mathews. : 1723; 3 16 
Pondichérri: Richaud 11 56 79 49 1689; 7 0 0 57 
Davis 1601; 16 0 
Best 1612; 14 15 
¢ K .., } Bonners 8 4 77 37 1620; 14 20 : 24 
‘ape Komorin: 1680; 8 45 
| eee 16838; 7 30 
Mathews ' 1723; ‘2 54 
Vreyefts Hood: Mathews ! 1722; 2 16 
Azii { Castleton | 6 3 80 11 | 1613; 13 24 | 
Galle: } 
: ( Mathers 
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Declination. 












Latitude 
North and 
South. 







Longitude 
East Green. 





Station and Observer. 1847, Elliot's 
Survey. 


Decl. East. 










17th Century. 18th Century. 





4. INDIAN ARCHIPELAGO. 


























. ° , o 4 ° : i ° ‘ 
Nicobar: Davis 910 N. 92 48 11605; 7 5 W. |} 1 53 
Palo Kondor: {2s 840 N. | 106 19 [1620; 1 0 W. or 

BS ee Ook 1780; 0 14 W. 

Achin: Davis 5 22 N. 95 34 |1610; 6 25 W. 1 47 
ad Marlowe | 0 45 8. 99 43 | 1612; 4 10 W. 13 
sie ac Castleton 1613; 4 50 W. . 

Marlborough Macdonald) 3 45 8. 101 50 1794; 1 10 E. 

Fort: Macdonald : 1795; 1 8 EK. 
Banka Island:  Marchand| 3 0 8. 106 2 1791; 0 0 1 16 
Sunda Strait: = Miheord 615 8. 10 50 | 1615; 3 30 W. () 38 
Hangin: Wallis 6108. 106 58 1767; 1 25 W. 047 
pee eee 1758; 0 25 W. : 
Bantam: Saris 6 20 S. 105 21 11619; 3 OW. 0 43 
Palambangan: Davis 6318. 105 55 | 1605; 3 20 W. 0 59 

Wallis 6 36 8. 105 17 1767; 1 OW. 

Prince’s Is] : : 2 
rince’s Island Cool: 1780; 0 54 W. 0 4 
Madtira Island: Carteret 7 78. 112 49 1768; 0 30 W. 0 34 

Bontani, on Ce- : 
lebes: Cartaret 5 30 8. 117 45 1767; 1 16 W. 0 48 
Doa, Molukka: Saris 28. 126 1613; 5 20 E. 











st st 





As some of the most characteristic features, we may mention that, in the be- 
ginning of 1600, the line of 16° to 17° westerly declination had a position nearly 
coinciding with that of the line of 0° declination in 1856; in 1800 the declination 
had already decreased to 3° to 4° west. The northern parts show oscillations of the 


lines much greater than the southern ones in 1800; the line of no declination passes, 
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in its northern part through Chandernagér, and assumes in its southern part, near 


Java, Flores, and Timor, a position that it has kept-with very little alteration for 


the last fifty years. 


b. Dip on the Coasts of India, and in the Indian Archipelago, from 1768 to 1793. 

























Latitude 7 Dip. 
; North Longitude j ; j 
Station and Observer. and South, | £28t Green. 18th Century. | Elliot and Schlagintweit, 
1848 to 1856. 
° a ° ‘ 
Kochin: Le Valois 9 58N.) 1786; 10 15 N. 
Madras: Abercrombic 13 4N.| 80 14 |1775; 5 5N, 7 53 N. 
Trinkomali: Panton 8 42N.) 81 9 |1776; 4 375. 2 40 S. 
Sinda Strait: Eheberg 6 158S.| 105 0 |1770; 27305. 27 48. 
Surrobaya,in Java: Dentreastcaux 7 148.] 112 39 |1793; 2540 S. 28 30 8. 
Prince's Island: Cook 6 368.| 105 17 | 1780; 2815 8S. 27 :«08. 
Pulo Penang: Le Gentil 5 26N.| 100 25 |1768; 6 22N. 4 BON. 
Pulo Kondor: Cool: 8 40N.| 106 19 |1780; 2 1N. 1 58N. 

















The data for this element are still less complete for remote periods, but it is 
evident, nevertheless, as a general result, that within nearly a century the magnetic 


equator, and the lines to both sides of it, have shifted their position considerably to 
the south. 


B. CONSTRUCTION AND EXPLANATION OF THE 
MAGNETIC MAPS. 


The maps, which form the basis of the various systems of magnetic declinations, 
are drawn in Mercator’s projection, on a scale of 1 to 8,000,000; for the equator, 
the variation of the scale with latitude is added in a special diagram.'' The river 
system and the mountain ranges, particularly in the northern parts, presented many 
novel features,” but in consequence of the size of the scale employed, we deemed it 
inexpedient to give more than the most predominant orographical characteristics, 

' About the longitude of Madras = 80° 13’ 56” East Green., see p. 127. 

* We allude more especially to the fact of the Karakortim being the principal chain, and its northern drainage 


intersecting the Kuenlden, also to the well defined form of Tibet, as a longitudigal valley, and to the routes and 


river system in the north-western part of our route map. 
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as too many details would otherwise have interfered with the distinctness of the 
river system and the objects of the physical geography represented. The descriptive 
geopraphy of the countries visited by us, and more particularly that of the regions 
of High Asia, will be given in Vols. II. and III, and will form the object of various 
detailed maps. 

The construction of the lines of equal declination and dip presented no particular 
difficulties; the deviations also were in general neither great nor numerous. ‘The 


isodynamic lines required a more detailed calculation. 


1. Mar or Isogonic Lings. . 


The map contains the lines from 10’ to 10’, and the names of all our stations, 
together with the values obtained; the stations, also, for which previous determinations 
of declination (though of variable scientific value) could be collected,‘ are marked hy 
red rings. 

Besides, the map contains: 

a. Three diagrams to illustrate the secular changes for India and the Indian Archi- 
pelago from 1600 to 1800. 

b. A reduction of Captain Elliot’s chart of the Indian Archipelago, 1845 to 1849. 

c. General Sabine’s chart of the isogonic lines of the globe, reduced from the 
recent Admiralty edition, which has been most carefully revised under the 
superintendance of Mr. Evans.? This chart shows at the same time the fonr 
general groups formed by these lines, in consequence of their being gathered 
round two poles in the northern, and two poles in the southern hemisphere. 
(The lines also of total intensity, differing from those of the dip, show four 


corresponding maxima of the forces.) 


2. Mav or IsocuinaL Lines. 
The isoclinal lines are given for every degree of dip, from 10° 5. to 55° N. The 
various points of the lines are deduced chiefly from those neighbouring stations which 
I J 8 8 
are nearest in value to the number sought for. This we have done in order to get 
the lines as much as possible directly defined. 
' They are piven pp. 467 to 473. 


2° Mr, Evans added in his map, on a smaller scale, the probable qual variation of the declination, hut the 


nuinbers so carefully collected by him are not sufficient as yet to show distinct general laws. 
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In combining the observations of the dip for deducing the position, mean direction, 
and mean relative distance of the isoclinal lines, we employed the following method, 
which is the one now generally in use.’ 


If $ = the dip at the central position, « = the angle of the isoclinal line with 


the meridian, y = a constant, representing the rate of increase perpendicular to the 
isoclinal line, and if we put: 7 

reco u = wz 

rsinw = y, 


we may make equations of condition of the form: 
ar + by = 3—9, 
where a and } are co-ordinates of distance in longitude and latitude of the several 
stations from the mean, expressed in miles, 3’ the inclination at these several stations, 
and 3 the mean dip. 
For constructing the isoclinal lines, we have, in addition to the direct observations, 


hased our calculations upon the following groups: 


Mean Longitude Mean Latitude 


Groups. Mean Dip. Stations, referred to 


East Green. North. 
° J ° ‘ ° é 
L 0 0 79 40 9 50 Madras, Galle. 
Il. 1 0 79 50 10 10 Madras, Utatir, Galle. 
UL @ 28 ee tet Eth Madras, Utatir, Ka- 
ladghi. 
aadghi ari, Nagri a- 
IV. i680 78 30 17 10 | 7 Haden Belliri, Nagri, Ra 
‘ jamindri. 
V. 18 50 76 0 18 30 Kiladghi, Bombay, Nigri. 
VL 30 10 a6 90 23 20 Siete, Hala, Diet Rampur, 
Bolea. 
VII. 30 20 80 40 24 10 Jablpur, Sager, Bendres. 
. dére i : ahor. - 
VIL. $54) 72 40 a7 40 Déra Ismitel Khan, Lahoér, Bom 
: bay. 
1X. 38 40 . sate 2 50 Naigtn, Dasiine Kathmandu, 
Nainital, Milum, Mana. 
Jéra IsmA f zahor, - 
x. 1 90 #4 Sy a0 40 éra Ismael Khan, Lahér, Bom 
Davy. 


It will be seen that irregular stations, such as Utakamand, and Mahabaléshvar, have 


been excluded, in order that they may not interfere with the general means. In the 


‘It had been also employed by Captain Elliot, in his survey of the Indian Archipelago. 
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Western Himalaya the stations were numerous enough to deduce the lines as imme- 
diate result, without adding means, calculated for general groups. 

The isoclinal map contains, besides our own stations and lines: 

a. A diagram of the zone, surrounding the magnetic equator, as deduced from 
earlier observations, referred to 1700. 

b. A reduction of the Indian Archipelago, in which we give the values obtained 
by Captain Elliot. 

c. A sketch of the isoclinal lines on the surface of the earth, which have been 
transferred on a chart of smaller scale from General Sabine’s map, contained in 
plate 23 of Johnston’s Physical Atlas. 

As the space does not allow of the projection of the polar part being separately 
added, it should be remembered that there are but two points of 90° inclination, one 
northern and one southern, occasionally called poles, though in a different sense 
from the ordinary one’;— poles in the usual signification of the word being intended 


to express “points of greatest attraction” (Halley) = “maxima of force” (Sabine). 


3. Map or Isopynamic Lines. 


Our map contains the isodynamic lines of total intensity from 0:25 to 0°25 
English units, referred to seconds of time and English measure of length and weight. 
The calculation of the points for the construction of the isodynamic lines has been 
based upon the same principle as the method above detailed for the isoclinal lines, 
but with this modification, that the values of such points only were sought for, which 
lay in the same longitude as the original stations. The map shows, moreover, the 
stations which we considered to be the leading ones. The results deduced are connected 
with the stations by dotted lines; the complicated question of the general form and 
direction of the isodynamic lines being thus rendered, as much as possible, an inde- 
pendent determination. 

Spaces which fall below the average are marked by oblique lines of a blue colour, 
falling from right to left; those spaces, or single observations, exceeding the respective 
average, are marked by oblique lines of a red colour falling from left to right.’ 


1 See “Gauss’ Allgemeine Theorie des Erdmagnetismus.” Leipzig, 1839. 

2 As shown by the detail referring to the instruments, observers, &c., which is given for each station in Section V., 
it so happens, that in the far extended space, where we found the remarkable depression of total intensity, instru- 
ments and observers are both so varied and unconnected, as to exclude any fear of a general personal or instru- 


mental error. 
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Besides our own stations of total intensity the map contains: 

a. A diagram of our observations of horizontal intensity. This sketch gives the 
results of the absolute determinations at the different stations, and some of the 
principal general lines, amongst which we particularly mention the dotted line 
of maximum horizontal intensity (but with variable absolute value), and the 
space of maximum horizontal intensity. It will be found, that we have most 
carefully excluded from the general consideration every station which presented 
a more than usual increase in these regions. A special diagram for the vertical 
intensity appeared unnecessary, as the form of these lines was found to differ 
but very little from the isogonic lines. 

b. A diagram, on a reduced scale, of Captain Elliot's Survey in the Indian Archi- 
pelago, with the isodynamic lines of total and horizontal intensity. 

c. For comparison, we have added a reduction of General Sabine’s chart of the 


isodynamic lines from plate 23 of Johnston’s Physical Atlas. 


C. RESULTS DEDUCED FROM THE ABSOLUTE DETERMINATIONS 
OF THE MAGNETIC ELEMENTS. 


The results of the astronomical determinations, made in immediate connection with the magnetic 
observations, are given pp. 270 to 273. In pointing out in this place the principal features of the 


magnetic curves, we refer to our magnetic maps. 


I. Decimation. 


1. The line of no declination passes close to the north-western mouth of the 
Indus, and, in its southerly direction, runs nearly parallel to the western shore of 
India, at an average distance of 2%/2° of longitude. It keeps this direction as far 
south as the Indian Archipelago, where it takes a decided easterly turn. 

2. Local disturbances were comparatively rare, and, with few exceptions, extremely 
limited in their extent; on all occasions observed, they were manitestly connected 
with the condition of the soil, or the rocks on the surface. When rocks showed 
signs of a polar magnetic nature, the poles were generally found to coincide with 
natural points and edges, formed by the intersection of joints or surfaces connected 


with the mechanical structure of the rocks. The traps of the Dékhan, the crystalline 
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rocks of the Parisn4th in Bengal, the granites of the Khiassia Hills and of the eastern 
Himalaya, and the eruptive masses south of the Kuenhien, presented many instances 
of such coincidence. The special researches on the magnetic conditions of these rocks 
(which, with proper care, could be avoided in the selection of our stations for absolute 
determinations) will be given later, in Vol. VI, Geology. 

As examples, we may refer to some small, but not unfrequent disturbances in the 
environs of the magnetic equator, and other greater ones at the Kulong rock, near 
Nanklau in the Khassia Hills, amounting to 6° of difference from the otherwise 
probable value. ' 

3. As deviations.of a more general character we mention: 

a. Assim on both sides of the Brahmapttra river; the declination being here 
considerably ‘less to the east than might be expected by the general formof the iso- 
gonic lines. 

b. A zone of attraction of very little breadth, which seems to coincide with a 
small ridge of granites at the base of the Bhutan Himalaya. At least, already at 
Narigin (Lat. N. 26° 53’ 50”, Long. E. Gr. 92° 6’ 0”), this zone is crossed, and the 
declination is there found to be too much to the east. 

c. The line of 2° 30” also seems to present some irregularity, when continued 
to the valley of the Iravddi. At Utakamind, in the Nilgiris (Lat. N. 11° 23’ 40”, 
Long. E. Gr. 76° 43’ 10”), the declination is about 20’ too much to the east. 

4. The zone of most rapid increase of declination is found between Lat. N. 29° 
to 34° and Long. E. Gr. 80° to 71°. The circumstance, that the central mass of the 
mountain systems of the Himalaya, Karakoriim, and Kuenlien has a position, which 
as such may have an influence upon this deviation, seems not unconnected with such 
an irregularity, and this is corroborated by the declination increasing in general 
very little, when we approach at a corresponding distance the eastern end of the 
Himalaya.’ 

5. In the Karakorim and Kuenlten, for which no neighbouring places formerly 


1 An apparent disturbance at. Chérra Ptinji, mentioned in our official Report No. 4, Dec. 19, 1855, disappeared 
altogether when the true meridian was re-calculated by the strict formule. 

The proccedings of the Trivindrim Museum Society, Dec. 1855, contain a very interesting paper: “Experiments 
on the Magnetic Rock of Naiman Hill, or Mukunumalli”, by Mr. J. A. Broun, to which we shall have occasion 
again Lo refer in Vol. VI, Geology. 

2 We ndd, that we are well aware that the Alps, so considerably smaller in extent, breadth, and elevation, 
than the vast mountain ranges of High Ageia, do not show any well defined influence of o similar kind. 
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allowed of an approximate estimation, we find the easterly declination somewhat 


greater than has hitherto been laid down on general magnetic maps. 


Il. Dr! 


1. All India Proper is included within the zone of rapid increase of dip with 
the latitude, which more or less follows the magnetic equator all round the earth. 
Though. in latitudes of about 15° to 25° North we find the dip somewhat smaller than 
had generally been calculated, in higher latitudes our lines seem to reach the values 
deduced from general calculations. We find the zone of rapid increase rather broader 
than it was formerly supposed to be. 

The magnetic equator shows a decided, but very small, curvature to the north 
wbove Ceylon. It seems to have become a little more northerly since Captain Elliot's 
determinations. . 

2. The isoclinal lines, comparatively speaking, represent in India the most regular 
of the three elements, in reference to their general form; their mutual distance varies 
but very little, as is shown by the map, and the more so when it is remembered 
that the employmeut of Mercator’s projection necessarily makes the distances appear 
a little greater in the higher latitudes. 

3. The peculiar modification, which we shall hereafter have to point out for the 
total intensity, is not represented by the isoclinal lines in Southern and Central India; 
but the depression along the foot of the Himalaya, particularly in its eastern part, also 
occurs on the isoclinal lines, though to a much smaller extent. 

Chérra Ptnji and Mahabaléshvar seem to be local irregularities for themselves; 
it is perhaps worthy of note that these two stations are, at the same time, regions of 
extreme precipitation of rain. 

The increase of intensity north of Simla seems equally to be represented for 
the dip by a few stations, amongst which we chiefly name Sulténpur and Vangtu 
Bridge; but the differences are much smaller than they will be seen to be for the 
total intensity. Whilst there they exceed values, corresponding to 10° of latitude, 
the following are the deviations from the average values, if we calculate the dip in 
round numbers corresponding to the single stations. We exclude from this table 


differences not reaching 10’, as they are comparatively not of sufficient’ importance. 


' Compare the remarks on the vertical intensily, p. 488. 
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Dip deduced, for the L 
same Latitude and 


Station. a Longitude, from the 


Difference | Corresponding 


i to a Difference 
General Form of th 7 
eneral Form of the Dip. in Latitude. 


respective Isoclinal 
Curve. 





° f ° f , ‘ 


Narigin...... 37 8 37 30 — 22 ll 
Darjiling .... 36 33 37 5 oa) 98 1G -< 
Tonglo ...... 36 25 37 2 — 37 18 
Falat ....... 36 55 37 10 — 15 
Nainital... ... 38 34 38 50 — 16 9 
Chérra Punji... 33 37 34 6 — 29 15 
Mahabaléshvar. . 16 26 17 2 — 36 15 
Sultanpur..... 43 52 43 16 + 36 10 

















Vangtu Bridge. .| 43 23 42 50 + 33 9 


4. An influence of height does not become apparent within 2’ or 3’', but such 
values must be considered as hardly within the limits of absolute determination with 
the instruments now in use, though the direct readings with Dr. Lloyd’s excellent dip 


circles, which we had with us, are considerably more minute. 

5. In reference to small local deviations, we found them not unfrequent, parti- 
cularly when the dip circle itself was put on the ground for the purpose of ascer-' 
taining the existence, or amount, of such local influence. But detailed experiments, 
made in the environs of Simla, at Dounton, as well as in several localities in the 
trap districts of the Dékhan, showed that this influence is in general so weak, that 


it disappears altogether if the instrument is placed upon its regular stand, instead of 


the ground itself." 


IQ. Tora Inrensrry. 


This element has presented most unexpected results, which, we think, may not 
be without interest in theoretical considerations of terrestrial magnetism. 


1. From the Arabian Sea down to the Indian Archipelago, the isodynamic lines 


1 Such experiments are easily made in localities which contain rocks in situ, and thick alluvial deposits, at not 


too great a distance from each other. 
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of total intensity have a mean easterly course, with a slight divergence to the south. 
But the “lines, when passing over the interior of the Indian peninsula, present two 
marked modifications. / 

The first modification that occurs, is the existence of a region in Central India 
of great relative increase, including, amongst other stations, Jablpur,' Nagri, and 
Bellari, down to Utakamind. But even if, for the construction of the general isody- 
namic lines, we do not directly include these places (considering them as exceptionally 
anomalous), the lines yet continue to show a most decided inflexion to the south, which, 
as far as we know, has never been preceded by a similar phenomenon extending over 
so large a surface, and being at the same time so well defined in its limits. 

In consequence of the special interest taken by our late friend Baron Humboldt 
in this unexpected result, we communicated it soon after our return to the meeting 
of the British Association at Dublin, and to the French Academy at Paris.2 We 
are able to add now, as another very important fact corroborating our observations, 
that Mr. J. A. Broun, the director of the observatory at Travankér, has since also 
obtained, quite independently of our own observations, intensities all along the western 
coast and in the south of India, which perfectly agree with the general form of the 
isodynamic lines mentioned above.* 

The second modification is that, for the whole length of the southern border of 
‘the Himalaya, and particularly in its eastern parts, there exists a longitudinal zone 
of variable breadth, where the total intensity is decidedly too low, and to an amount 
which, under ordinary circumstances, would correspond in many cases to a difference 
of latitude‘ exceeding 10°. This zone also includes, in its easterly part, a small region 
of Bengal and Hindostan; in its western part it seems to extend into the higher 
regions of the mountains beyond Srindgger; a similar depression is also met with in 
the environs of Leh and the lake Tsomognalari. 

2. These facts, we feel, are extremely difficult to be explained. If, from the com- 
paratively few data before us—few particularly in so far as they are limited to one 


1 Gyalior also seems to have the intensily comparatively greater; our short stay, however, prevented us from 
making a determination of its absolute value. 

2 See Comptes rendus, Tome 45, Séance du 12 Octobre, 1857, . 

3 See Mr. Broun’s communications to the French Academy, in L’Institut, February 2, 1859, and his reports to 
the British Association at Oxford, June, 1860. 

‘ The relative amount of disturbances can best be compared, if we consider the difference of Intitude, which, 


within the regions examined, would correspond to a sitnilar effect. 
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tropical country only—we are allowed to offer an explanation, we may direct 
attention principally to the following circumstances. 

The powerful action of a tropical insolation considerably modifies the physical 
and magnetic conditions of the soil, particularly of the clayey strata, which cover, in 
variable thickness, such extensive tracts in Central India. By the influence of the 
insolation, these strata undergo decided changes, which, though very much less in 
amount, are similar to those which are observable between clay and burnt bricks.' 

The extent of this disturbing cause, together with its vicinity to the surface, 
seems sensibly and uniformly to increase the magnetic intensity in these regions.’ 
This opinion is perhaps supported by the circumstance, that the sub-tropical region of 
excessive rain, great humidity of the ground, and much more limited direct, insolation, 
presents itself, on the contrary, as a zone of relative decrease of magnetic intensity. 
Though an increase of temperature would, as such, rather tend to produce a decrease 
of magnetism,’ the modification of the isodynamic lines under consideration are con- 
nected but indirectly with the action of the sun, being dependent upon permanent 
alterations gradually produced in the physical nature of the soil. At the same time, 
there are few exclusively tropical countries which, by their size and configuration, are 
so well adapted to make apparent the influence of a large surface of tropical soil in 
contrast to oceans surrounding it. The circumstance, that the forms are not quite 
dissimilar to the modifications of the isothermal lines in India, can in general be 
considered only as one of the many instances of apparently accidental coincidence in 
nature. 

- If, instead of the resulting total intensity, we consider the horizontal and vertical 


intensity separately, we may mention particularly the following details: 


1'In reference to the magnetic action of the clay we often had occasion to inake detailed, delicate experiments, 
the result of which will be given in Vol. VI. As mentioned above for the dip, the elevation of the instrument on 
its stand, and the selection of a convenient place, generally rendered insenaible the action even of decidedly magnetic 
rocks, and on alluvial clayey soil, always easily excluded every fear of a purely local error, which, besides, could not 
have kept so uniform a value. 

2 It seems to he expected that, also in future periods, when isodynamie lines of another value run over India, 
they will undergo a change, analogous to the present curves. Perhaps the accuracy of the instruments now in use 
will allow of looking out for similar facts, important for our views, at not too distant a time. 

3 See General Sabine’s interesting Address to the Bellast Meeting of the British Association, 1852, concerning 
the diflerence of the summary magnetic force for both hemispheres, compared for winter and summer, as well as 
the various fundamental researches of Professor Furaday on atmospheric magnetism. Philosophical Transactious, 


1850, §§. 2347 to 3069. Sce also Erman’s observations in the regions of extreme cold of northern Asia, 
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3. The horizontal intensity shows a line of maximum, but of a variable absolute value, 
which passes through India from the north of the Delta of the Indus, vid Nagri, to 
Rajandndri. In the centre of India, we meet with an elliptic space, exceeding 
4-8 Engl. units. As may be easily perceived from the formule employed in calculating 
the total intensity, the existence of this space of maximum horizontal intensity is in 
immediate connection with the remarkable curvature of the isodynamic lines of total 
intensity. 

In the southern part of India, particularly along the western coast south of 
Bombay, the horizontal intensity seems to vary but very little; and this is, at the 
same time, the region which most decidedly shows, that there may exist a disagreement 
between the modification of horizontal and vertical intensity. The principal features, 
and the values obtained by the direct. observations are given in a separate diagram 
on the intensity-map. 

4. The vertical intensity varies, in the regions examined by us, in great analogy 
with the isoclinal lines. This can be easily seen, when the values of the vertical 
intensity, as given at the single stations themselves, are compared wit’ those of the 
dip.! We, therefore, give no special diagram for this element. 

a. On an average the vertical intensity varies trom Madras up to the Kuenlien 
about 0:4 Engl. units in the degree of latitude; in the more southern parts this 
value becomes rather greater; by this it differs from the type of the isoclinal lines, 
as also particularly by its changing very little in the region north and south of the 
minimum of vertical intensity (from Madras to Galle). 

b. The curvature of the isodynamic lines for the total intensity in the central 
and southern parts of India is not found to correspond to a sensible curvature of the 
lines of vertical intensity. The apparently loose connection of the modifications of 
the vertical intensity with those of the total becomes less unexpected, when we keep 
in mind that the absolute values of the vertical intensity are here still very small, 
whilst the horizontal intensity is about at its maximum. 

We give as example the values of vertical and total intensity for some stations 
of about equal latitude, selected from the very regions where the peculiar modification 


of the total intensity is the most apparent. 


' See the General Table of the magnetic elements, pp. 459 to 463. 
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Station. Latitude N. Long. E. Gr. Vertical Intensity. Total Intensity. 

6 ; é ; Engl. Unite. Engl. Unite. 

Bellari . 15 9 76°54 observed......-......-.000.- 1-838 8-834 

' Goa... 15 25 73 46 calculated from Bombay and Madras 1-850 8-824 
Nagri.. 20 25  . 78 53 observed. 2.2... 2-02 eee 3-634 9-367 
“(Strat.. 21 6. 72 57 calculated from Bombay and Bhij. 3-640 9-346 
-Bhaj .. 2317 6940 observed..............-0- 4.335 9-109 

Il. sip. 23 10 79 56 observed........--.-.0004% 4-711 9-863. 
Calcutta 22 33 88 21 observed... .....-...2004- 4-315 9-113 


c. As we proceed farther to the north, we also find (similar to what may be ob- 
served in Europe) that the horizontal and vertical intensity both show more analogous 
regions of relative increase or decrease. For the vertical intensity we particularise: a de- 
crease in a zone along the outer regions of the eastern Himalaya, as also in a narrow zone 
from Leh to Kashmir; an increase in a nearly vertical region from Garhval to Lahdél. 

5. The line of minimum total intensity of 7:5 Engl. units in the regions examined by 
us, nearly coincides, in form and value, with the line of absolute minimum total intensity, 
and on an average, we found that for India (south of the Himalaya, from 15° to 30° of 
latitude) an in. 2ase in latitude of 36’ to 37’ corresponds to an increase in total in- 
tensity of 0:10 Engl. units. 

The region of the Himalaya has a more rapid increase, particularly in the 
direction from Nainital to Kardong. For the irregularities east of Leh and south 
of Kardong, we cannot find either a general or a local cause. 

6. The influence of height on the total intensity of terrestrial magnetism seems 
to be scarcely appreciable. Our observations agree in this regard with the results 
obtained in other parts of the globe by most of the preceding observers, and also 
especially with those of Lamont.’ Besides, even in the Himalaya, it is of much rarer 


occurrence than might be supposed, that great differences of heights present them- 


‘ This line is the sme to which the name of “dynamic equator” has sometimes been given. Sir James Ross, 
who first defined it in the southern hemisphere, called it “Equator of less Intensity”. See his “Voyage to the 
Southern and Antarctic Regions”, Vol. I, p. 22. 

* According to previous observations made by Director Kreil, the Alps secm to have an appreciable influence 
on magnetic intensily. See “Kreil’s Magnelische Ortsbestimmungen im Ocsterreichischen Kaiserstaat.” But Lamont's 
observations in the Alps (Magnetische Ortsbestimmungen in Bayern, &c.) do not show the existence of any such 
influence; he is of opinion that on former occasions the torsion probably had not been determined with sufficient 
accuracy. Some data, which, however, leave this question undecided, will be found collected in Humboldt’s 
Cosmos, Vol. IV., p. 110, and in Bravais’ “Sur l’intensilé du magnétisme terrestre, en France, en Suisse, et en Savoie.” 
Annales de Chimie, dine Séric, Tome XVIIL, 1856. 
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selves without being modified by a considerable horizontal distance intervening.’ Though 
our highest stations exceed an elevation of 18,000 feet above the sea, and though, also 
the relative height (as seen in the table, pp. 459 to 463), between many of our stations 
is rather considerable, we had but very seldom to observe a weak, indistinctly defined 
increase of the total intensity in heights from 10,000 to 12,000 feet. We quote as 
an example, Ténglo and Faliit, on the Singhalila ridge, compared with Darjiling and 
Rangit; and Kardong and Usilla, compared with Simla. 

7. Vinally, in reference to the connection of the territories we have examined 
with the general distribution of intensity over the globe, we may mention, as par- 
ticularly important for us, that our most northern stations, the Karakorim pass and 
A Stimeal, perfectly agree with the average values of total intensity that might have 


been expected for these regions. 


At the conclusion of this part of our work, it is impossible for us not to teel, 
that our researches—notwithstanding the great extent of the area, over which they 
have been carried on—must be considered as but a very modest contribution to ter- 
restrial magnetism, a science to which have been devoted the successful labours of 
the many eminent natural philosophers, whose names we have repeatedly had occasion 
to mention. Yet perhaps we may be allowed to quote, at least with reference to the 
geographical position of the territories examined, the encouraging words of the celebrated 
Gauss: “Iivery new station will have for the general theory an importance proportionate, 
in great measure, to its distance from those we actually possess.” 

) Even in the central parts of High Asia, particularly in Tibet, where the average height of the valleys is very 
great, a well defined form of plateaux is much raver than had often been expected. The territories between the 
Karakorim and the Kuenlien, especially near the western end of the Kuenlien, are those, which in the first line 
must be named as well defined plateaux of extraordinary height, a form, which is not the predominant feature of 
the topographical characler of these countries in general. The extent of High Asia, the region of the greatest 
elevations, as well in the form of peaks and high valleys, as occasionally of plateaux, cay be defined in its large 
features, as being limited: to the north by the depression south of the Sayan Shan and its eastern continuations ; 


to the east by the river systems, discharging themselves into the Indo-Chinese peninsula; to (he south hy the northern 


plains of India; and to the west by Badakhshan and Itabul. 


Exp oF Vou. I. 


INDEX TO VOLUME I. 


In order to facilitate the use of the Index, it has been as. much condensed as was possible, geographical names 


being excluded when occuring only in connection with the routes or the details of the magnetic observations. 


Accents used for transcription, 70. 

Account, historical, of the authors’ mission, 6. 

Adams, Lieutenant, assistant to Hermann, 15, 20, 21, 30. 

——, continues the observations after Hermann’s departure, 
36. 

Allens Indian mail, 119. 

Alphabet used for transcription, 69. 

Alphabetic registers, order of, 70. 

Arrowsmith, Mr., map of Kashmir, the Panjab, &c., 270. 

Assistants, continue their observations till March, 1858, 6. 

—-, list of, 36—37. 

Astronomical determinations of latitudes and longitudes, 
introductory calculations, 77—83. 

-—— results, 270—273. 

Astronomical] stations, list of, 459-463. 


Babinct, Mr., on magnetism, 474. 

Barometers, see Instruments. 

Bedford, survey of Upper Assam, 129. 

Blosseville, de, magnetic observations in 1833, 469. 

Boileau, General, his former observatory at Simla, 204, 296. 

--—, astronomical, meteorological, and magnetical tables, 77. 

Boileau, Lieutenant, determination of declination in Rajvara, 
471. 

Bowring, Private Secretary to Lord Canning, 45. 

Bravais, Mr., sur lintensité du magnétieme terrestre, 489. 

Brennand, Mr., determinations of latitude at Dhaka, 145. 

Brouv, Mr., communications to the French Academy, and 
the British Association, 486. 

—~—, dip at Trivandram, 468. 

Bruce, Mr., discovery of tea, growing wild in Assim, 130. 

Budberg, Baron, Russian Minister at Berlin, 44, 56, 57. 

Buist, LL. D., 8. 

Bullock train, description of, 15. 

Bunsen, Baron, Prussian minister at London, 5. 


Byng, Honble, Captain, killed, during the Indian rebellion, 
140. 


Caldecott, magnetic observations in Southern India, 472, 473. 
Camels, Bactrian, brought to Europe by the authors, 25. 
Campbell, Dr., Political Agent at Sikkim, 16, 188. 
Canning, Earl of, 6. 

Cautley, Sir Proby, 8. 

Cetto, Baron, Bavarian Minister at London, 5. 

Chronometers used by the authors, 95. 

-—-, rates of, 96—108. 

——,, table of rates, 109. 

Cireum-meridian altitudes, method of calculating them, 91. 

—, example, 92. 

Climate, general remarks upon, for Assdm, 20—for Balti, 
24— for Bengal, 14, 15, 19—for Central India, 22—for 
the Dékhan, 13—for Gnari Khorsum, 18—for Kamion, 
17—for Kashmir, 28--for the Khassia Hills, 20—for the 
Kuenlien, 25—for Ladék, 23~for Lower Sindh, 31 — 
for Nepal, 29—for Sikkim, 16. 

Collections formed by the authors, 9—Botanical, 9—Eth- 
nographical (articles of native dress, skulls, photographs, 
casts of heads), J—Geological, 9—Zoological, 9. 

Collimators used, 275. 

Collimator-box, its combination with the theodolite, 276. 

Congreve, Licutenant, accompanying Hermann in Sikkim, 16. 

Consonants, pronunciation, 70. 

——., transcriplion, 68. 

Corresponding altitudes, method of calculating them, 89. 

——, example, 90. 

Court of Directors of the East India Company, 5,-474. 

Crommelin, Major, Map of Sikkim, 270. 

Cunningham, Major, 8. 

——, magnetic observations in Ladak and Spiti, 473. 

Cyannometer, rotatory, used for physical observations, 118. 
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Cylindrical needles for daily variation, 280. 

Dak carriage, explication of, 14. 

Dalhousie, Marquis of, 6. 

Declination, general results, 482. 

, historical data for secular change, 474. 
-—, method of calculation, 280. 

Declinometers used, 275. 

Deflecting apparatus, 286—288. 

Deflection, see horizontal intensity. 
Determination of the magnetic elements, method of, 275. 
Dip, example of calculation, 298, 299. 

—-, genera] results of, 484. 

Dip circles, 293. 

Dip needles, comparison of, 295—298. 
Diphthongs, pronunciation and transcription, 67. 
Drawings of the authors, 9. 

Drummond lights for longitudes, 119. 





Fastwick, Mr., 8. 

East India Company’s Merchantman, 474. 

Eclipse of the moon, used for calculation of the longitude, 
113, 

-——, example, 114-117. 

—.,, physical remarks upon, 117—119. 

Edwardes, Lieutenant Colonel, inquiring on Adolphe’s fate, 
45, 58, 62. 

Elliot, Captain, 5, 289, 298. 

-——, survey of the Indian Archipelago, 463. 

Elliot, Honourable, Madras, 6, 45. 

Elphinstone, Lord, 6, 45. 

Equations of condition, -method of, 119. 7 

, example, 123—125. 

Erman, Professor, magnetic observations, 487. 

Establishment of the authors, 36—42. 

Ethnographical collections formed hy the authors, 9. 

Kivans, Mr., 479. 

-—, chart of the curves of equal magnetic declination, 
280, 386. . 

Everest, Colonel, Surveyor General of India, 8, 126. 





Falconer, Dr., 8. 
Fergusson, Lieutenant, Indian Navy, 183, 302. 
Frederick William IV., King of Prussia, 5. 


Gauss, 474. 

Gerard, 8. 

Gortchakoff, Prince, 45, 57. 

Great Trigonometrical Survey of [ndia, important operations, 
126, 127, 270, 271. 

Griffith, 8. 

Grote, Mr., 147. 

Gubbins, Mr., 153. 
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Gumpert, Consul for Hamburgh and Oldenburgh at Bom- 
bay, 45, 

Halley, map of isogonic lines, 280, 481. 

Hansteen, 474. 

Harris, Lord, 6. 

Hay, Lord William, 45, 59, 204. 

Heliotropes, for the determination of longitude, 119. 

Herbarium collected by the authors, 9. 

Herschel, Mr., 148. 

Heyde, Rev. Mr., Missionary at Lahdl, 206. 

High Asia, its geographical definition, 490." 

Himalaya, intersected by the drainage of the Karakorum, 
not of the Kuenlden, 271. 

Hodgson, late Surveyor General, 8, 126, 469, 470. 

Hodgson, Mr., 29. 

Holes, Major, killed during the Indian rebellion, 29, 151. 

Hooker, Dr., 16, 151, 188, 270. 

Horizontal Intensity, formule for calculating, 281-283, 

—., example, 290—291. 

——, general results, 488. 

Hiigel, Baron, map of Kashmir, 270. 

Humboldt, Baron, 5, 45, 269, 271, 474, 489. 


Indian Navy, determinations of declination from 1834-49, 
467, 

Indigo, growing in Assim, 130. 

Inertia rings for the magnets, 283. 

Insolation, tropical, its influence on magnetisin, 467. 

——, dangerous during observations, 76. 

Instruments, mode of carrying, 12—mode of packing, 76 
—for determination of magnetic declination, 275—Theo- 
dolites: 1) Jones, 73—2) Jones, 74—3) Troughton, 74— 
4) Pistor, 75—5) Ertel, 75— Meteorological, 76— Baro- 
meters, 76—screws loosened by shaking, 76. 

Interpolation, method of, for astronomical determinations, 
79. 

——, example, 80. 

Interpreters employed, list of, 38—40. 

Tsoclinal lines, maps of, their conatruction, 479. 

Isodynamic Jince, maps of, their construction, 481. 

Isogonic lines, maps of, their construction, 479. 

, Halley’s first maps, 280. 

Itinerary, 11—35. 





Jacob, Colonel, Government Astronomer atMadras, [83, 391 

Jacquemont, map of Kashmir, 271. 

Jaschke, Rev. Mr. Missionary at Lahil, inquiring on 
Adolphe’s fate, 45, 47, 48, 65, 206. 


Karakorim, the authors proceed as the first to the north of it, 
25—Dr. Thomson first reaches its crest, 25— Principal 
watershed of High Asia, 25. 
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Karakorum, mean directions, 259—meaning of, 259. 

Klaproth, map of Central Asia, 269, 271. 

Knox, Assistant Commissioner, reports on the fate of 
Adolphe, 44, 52, 54. 

Kreil, Professor, magnetic observations, 489. 

Kuenlten, first crossed by the authors, 25—intersected by 
the drainage of the Karakorum, 271. 


Lambton, Surveyor General of India, 126. 

Lamont, Professor, universal magnetometer, 279. 

Lathan, Dr., 8. 

Latitude, methods of calculation, from observations of stars, 
83—84. 

——, from observations of the sun, 84—94. 

—, determined by equations of condition, 119—122. 

Latitudes and longitudes, general results of, 270—272. 

Lawrence, Mr., reports on the fate of Adolphe, 44, 52. 

Lawrence, Sir John,.in the Panjab, 6, 32. 

Liebig, Baron George, 147. 

Linguistic experiments, 69. 

Linsser, Mr., 128. 

Lloyd, Dr., 300. 

—, dip circles for determining total intensity, 300. 

Longitudes, methods of calculation, by chronometers, 95° 
—109. 

——, by celestial phenomena, 110—~119. 

——, by terrestrial signals, 119. 

——, determinations by equations of condition, 125. 

Tunar distances used for calculating longitudes, 110. 

, example, 111—113. 





M'Leod, Mr., 22. 

Magnets used, 285. 

——, determination of the constants, 284—287. 

Magnetic equator, determined by Taylor and Caldecott, 472. 
—., meridian, its determination, 275. 

—— needle in theodolite 3, Troughton, 275. 

-—— observations at Bombay, general results of, 302—340. 
—— stations of the wuthors, list of, 459. e 

—— survey of India one of the principal objects of the 
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authors’ researches in India, 
—— elements, methods of determining them, 275—variation 
of, 361, 373—375, 387, 401—402, 423425, 437444. 
Magnetometer, universal, by Barrow, 278. 
Manuscripts of the authors, 8, 127. 
Mapes of the authors, 9. 
——, magnetic, their construction and explanation, 478. 
Marco Polo, visited Central Asio in the 13th Century, 25. 
Meridian, determination of, 94. 
Meteorological stations, 8. 
Mir Izzet Unah, native servant of Moorcroft, his routes, 33. 
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Mohammad Amin, the authors’ chief guide, hia routes, 35. 

Moment of inertia, 284. 

Montgomerie, Captain, measurement of the Nanga Parbat. 
26. 

Moon’s eclipse, physical remarks upon, 117. 

Moorcroft, travels, 18. 

Murchison, Sir Roderick J., 5, 45. 


Murray, Captain, 286. 


Observers assisting the authors, list of, 36—38. 
Oldham, Professor, 8. 


Pagel, Rev. Mr., Missionary at Lahdl, 206. 

Palki travelling, 14. 

Panoramas drawn, 9. 

Parallax, calculation of, 78. 

Penumbra of the earth, observed in the eclipse of the 
moon, 114, 

Phenomena, celestial, for the calculation of longitude, 111. 

Phonetic accents, 68. 

Photographs made by the authors, 9. 

Plant collectors employed, 41. 

Plateaux, very rare in general, but of large extent be- 
tween the Karakorim and Kuenlien, 490. 

Pocket sextants, 75. 

Prinsep, 8. 

Prismatic compnsses for determination of the declination, 
279. 

Publications, general prospectus, 7. 

—-, on the Alps, 118. 


Rain, excessive in the Khassia Hills, 140. 

Ramsay, Major, 45. 

Ramsay, Colonel, Political Agent in Nepal, 29, 192. 

Refraction, calculation of, 77. 

——, example, 78. 

Reports published during the travels, 7. 

Riddle, Captain, magnetical instructions, 276. 

Ritter, Erdkunde von Asien, 37, 269. 

Royal Society accepts the dedication of the present volume, 
10, 

Routes, 11—35. 

—-—, area over which extended, 38. 

——, total length of, 11. 

Ross, Sir James, 489. 

Russel, Mr., Special Correspondent of the Z'imes, 45. 


Sabine, General, 5, 74, 474, 479. 

——., on periodical laws of magnetiem, 402. 

Schiller, Mr., Austrian Consul at Calcutta, inquiring on 
Adolphe’s fate, 45. 
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Schlagintweit, Adolphe, his Inst journeys, 32, 33. 
——, Teports on his death, 43—64., 

Servants employed, 41. 

Sherwill, Captain, 270. 

Shooters employed, list of, 41. 

Sikkim, government, its hostile disposition, 16. 
Smyth, Captain, and Thuillier, manual of surveying, 119, 127. 
Spilsbury, Dr., visit to Amarkantak, 22. 

Stanley, Lord, Secretary of State for India, 7, 45. 
Stars, observations of, 83. 

——, seen in the day time, 224. 

Strachey, Captain, and his brother, 8, 44, 45, 270. 
Sun, observations of, 64. 

Sykes, Colonel, 5, 8, 45. 


Taylor, magnetic observations in Southern India, 472, 
473, 

Telegraph signals, for the determination of longitude, 119. 

Theodolites, sce Instruments. 

Thermometers, see Instruments. 

Thomson, Dr., journeys in Ladak, 147, 270. 

Thuillier, Major, Deputy Surveyor General of India, 6, 8, 
9, 147. 

—-, manual of surveying, 119, 126. 

Tibet, list of maps, 27. 

-~—, defined as a longitudinal yalley, 478. 

Torsion, formule for, 283. 

Total intensity, general results, 485. 

—, formule for calculating the, 300. 

——, example, 293. 

Traill, publications on Kaméon, 17. 

Transcription of native languages, 66.. 

Turner, account on Bhutan, 270. 
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Unequal altitudes, methods of, 84. 
——, example, 86—88. 
Universal magnetometer, 276. 


Vanrenen, Captain, 198. 

Vardouguine, Mr., Russian Consul at Chiguchak, reports 
on the fate of Ado)]phe, 56—57. 

Variation (not used in the sense of declination) of the 
magnetic elements, 361, 373—375. 

Ventz, Mr., Consul for Hamburgh, 295. 

Venus seen in the day time, 225. 

Vertical intensity, formule for calculating, 293, 300. 
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